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The image you see on the front cover is the Earth as we know it today, 


with its deep blue oceans, rich soil, and green forests. 
This is an artist’s rendering of an Earth where unchecked global warming has wreaked havoc. 


We are at a crossroads. We must choose which Earth will be home to future generations. 


“I'm offering you the choice of life or death. You can choose 
either blessings or curses.” 


—DEUTERONOMY CHAPTER 30, VERSE 19 
(NEW INTERNATIONAL READER’S VERSION) 
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Few have ever seen this historic first image of the 
earth above the moon’s horizon. Captured by 

the unmanned Lunar Orbiter 1 two years before 

the famous “Earthrise” photo taken in 1968 by 

Bill Anders on the Apollo 8 mission—this photo was 
transmitted in such low resolution it had little impact. 
Forgotten for 42 years, it was digitally upgraded in 
2008. Similarly, the climate crisis has been visible— 
faintly—for many years, but for a long time had little 
impact on our thinking. 
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Almost 20 years ago, the late American novelist Kurt Vonnegut wrote, “Is there 
nothing about the United States of my youth, aside from youth itself, that I miss 
sorely now? There is one thing I miss so much that I can hardly stand it, which 


is freedom from the certain knowledge that human beings will very soon have 


made this moist, blue-green planet uninhabitable by human beings.” 


With his trademark blend of surrealism, dark humor, and cynicism, Vonnegut 


continued, “If flying-saucer creatures or angels or whatever were to come here 


in a hundred years, say, and find us gone like the dinosaurs, what might be a good 


message for humanity to leave for them, maybe carved in great big letters ona 


Grand Canyon wall?” 


His suggestion for the message our civilization ought to leave was: 


“WE PROBABLY COULD HAVE SAVED OURSELVES, BUT WERE TOO DAMNED 
LAZY TO TRY VERY HARD.... AND TOO DAMNED CHEAP.” 


The knowledge that serious damage has already 
been done to the global environment and to the 
healthy climate balance on which our civilization 
depends can become a cause of paralyzing despair. 
The danger is that this despair may render us inca- 
pable of reclaiming control of our destiny in time 
to avert the unimaginable catastrophe that would 
unfold on this planet if we don’t start making dra- 
matic changes quickly. 

Yet the majority of experts on the climate cri- 
sis agree that we probably still do have time to avert 
the worst of the impacts and set the stage for along 
but ultimately successful recovery of the climate 
balance and ecological integrity that are so crucial 
for the survival of our civilization. 

In any case, despair serves no purpose when 
reality still offers hope. Despair is simply another 
form of denial, and it invites inaction. We don’t 
have time for despair. The solutions are available to 
us! We need to make our choice to act now. 


An old African proverb says, “If you want 
to go quickly, go alone; if you want to go far, go 
together.” 

We have to go far... quickly. 

This book is about the solutions to the climate 
crisis. During the three and a half years since the 
publication and release of An Inconvenient Truth, 
Ihave organized and moderated more than 30 
lengthy and intensive “Solutions Summits,” where 
leading experts from around the world have come 
to discuss and share their knowledge of and expe- 
rience in subjects relevant to the construction of a 
Plan to solve this crisis. In addition to hosting these 
group meetings, I have engaged in a large number 
of one-on-one sessions with other leading experts 
around the world in an extended effort to find the 
most effective courses of action. 

From neuroscience to economics, information 
technology to agriculture, many seemingly diverse 
subjects relevant to the effort to understand and 
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map out a successful blueprint for action ona 
global scale have been generously and patiently 
explained by the foremost global leaders in their 
respective disciplines. Our Choice is the result of 
the groundbreaking insights offered by the partici- 
pants in this multiyear dialogue. These experts 
made it possible to construct a fresh and unique 
approach I have not seen before. 

That’s why I have written this book, chosen the 
pictures, and commissioned the illustrations—to 
gather in one place all of the most effective solu- 
tions that are available now and that, together, will 
solve this crisis. It is meant to inspire readers to 
take action—not only on an individual basis but 


We can solve the climate crisis. [t will be hard, 
to be sure, but if we choose to solve it, I have no 
doubt whatsoever that we can and will succeed. 

Moreover, we should feel a sense of joy that 
those of us alive today have a rare privilege that few 
generations in history have known: the chance to 
undertake an historic mission worthy of our best 
efforts. It should be seen as an honor to live ina 
time when the future of human civilization will be 
shaped forever by what we do now. 

In rising to this challenge, we will find fresh 
evidence that the fate of our civilization depends 
on effective, cooperative, global measures to 
save the habitability of the earth and build the 


We can solve the climate crisis. It will be 
hard, to be sure, but if we choose to solve 
it, | have no doubt whatsoever that we can 


and will succeed. 


as participants in the political processes by which 
every country, and the world as a whole, makes the 
choice that now confronts us. 

For me, this has been an exciting and illuminat- 
ing journey, because it is now abundantly clear that 
we have at our fingertips all of the tools we need 
to solve three or four climate crises—and we only 
need to solve one. The only missing ingredient is 
collective will. But we are getting closer to a politi- 
cal tipping point, beyond which enough people 
in all of the key countries recognize the reality of 
this global emergency and accept the challenge of 
working together to rescue our civilization. 


foundation for a more just, humane, and pros- 
perous world. 

Properly understood, the climate crisis is an 
unparalleled opportunity to address, at long last, 
many persistent causes of suffering and misery 
that have long been neglected and to transform 
the prospects for future generations to live 
healthier, more prosperous lives with a greater 
chance of success in each new generation’s pursuit 
of happiness. 

The good news about making a definitive 
choice to solve the climate crisis is that the scale 
of systemic transformation necessary will bring, 
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as collateral benefits, highly effective solutions to 
many of these long-lasting problems. Extreme pov- 
erty, threatening diseases, widespread hunger, and 
malnutrition are among the scourges that have 
beset large parts of the human population through- 
out history. Indeed, our success in transforming the 
global economy to a low-carbon pattern will bring 
about needed solutions for problems that have 
been allowed to fester for too many centuries. 

The key first step toward a solution is this: we 
must make a choice. By we, I mean our global civi- 
lization. And therein lies, as Shakespeare named it, 
“the rub”—because it seems absurd to imagine that 
we as a species are capable of making a conscious 
collective decision. And yet that is the task we are 
now confronting. 

This book is focused on the collective decision 
that we now face: to make the rescue of civilization 
the central organizing principle of our politics, eco- 
nomics, and social action. 

We have arrived at a moment unlike any other 
in all of human history. Our home is in grave dan- 
ger. What is at risk of being destroyed is not the 
earth itself, of course, but the conditions that have 
made it hospitable for human beings. 

While the choice we must make at the sim- 
plest level is very clear, the decision to embark on 
this new course will be difficult, precisely because 
the scale of the changes necessary is completely 
unprecedented—and the speed with which we will 
have to begin making them is also unparalleled in 
the history and experience of our civilization. 

It is a mistake to believe that we can maintain 
the traditional silos of knowledge in all the differ- 
ent disciplines that hold essential components of 
the solution. This issue crosses disciplines, national 
boundaries, ideologies, and politics. 

It is also naive to place the burden of solutions 
on individuals alone. In order to solve the climate 
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crisis, we must recognize the necessity of concerted 
global action. Each of us as an individual has a 

part to play, of course, and the actions we take in 
our own lives, households, and businesses are 
extremely important. They add up, and they rein- 
force the hope and sustained commitment neces- 
sary for success. But we must change more than 
our lightbulbs and windows. We have to change our 
laws and policies. 

Individuals eager to become a part of the solu- 
tion must become active as citizens in advocating 
and fighting for the new laws and treaties that will 
ultimately lead to the necessary global-scale solu- 
tions. This book, therefore, does not address the 
agenda for individual options as much as it focuses 
on providing a road map to the large solutions that 
require our shared commitment. 

Ihave heard often from individuals who find 
it hard to believe that such a shared commitment 
will ever be possible even in the United States, 
much less on a global scale. However, even now, 
we are beginning to move powerfully in the right 
direction. Whether it is corporations responding 
to perceived market opportunities or the deter- 
mination by a group of fifth graders to help “end 
global warming,” the signs of the change we need 
are now beginning to appear all around us. 

For example, global population growth is 
already slowing and beginning to stabilize, albeit 
at a number of people that a few decades from now 
will probably be five anda half times more than the 
population at the beginning of the 20th century. 
Another encouraging new development of the past 
three years has been the beginning of a major shift 
throughout the world in humankind’s awareness of 
the climate crisis and its connections to the other 
major challenges we confront. 

The emergence of a full-blown global economic 
crisis in the fall of 2008 has underscored the value 


of a coordinated global stimulus to create jobs and 
bring an end to the effects of the unusually deep, 
synchronized global recession. Simultaneously, 
the worsening military conflict in Afghanistan 
and continuing struggle to stabilize Iraq are both 
ongoing reminders of the security threats that will 
likely continue to emanate from the Persian Gulf 
region so long as the United States and the rest of 
the global economy are so dependent on oil—the 
largest reserves of which are controlled by sover- 
eign states in the Middle East. 

Although geologists and economists continue 
to debate the exact timing of “peak oil,” the prepon- 
derance of evidence now suggests that we may be at 
or near the peak of global oil production—at least 
from supplies recoverable at a cost approximating 
what the world is used to paying. The International 
Energy Agency, in its first in-depth analysis of the 
800 largest oil fields worldwide, reported last year 
that the majority of the largest fields are already 
past their peak production rate, and that the pre- 
dicted declines in production are now accelerating 
at twice the rate predicted in 2007. 

T. Boone Pickens, the highly successful U.S. oil 
and gas veteran, stated in August 2008 that, in his 
view, global oil production actually peaked in 2006. 
Whether he and those who agree with him are 
right or not, it is now only a matter of time before 
the world will be forced to adjust to the reality of 
a growing mismatch between the declining rate 
of new discoveries and the growing demand for oil 
from emerging economies like China and India. 

So long as the United States spends close to 
halfa trillion dollars per year for foreign oil, the 
U.S. current account deficit will be impossible to 
manage, and the value of the dollar will become 
increasingly vulnerable. And the longer the global 
economy is hostage to energy reserves located in 
what is arguably the most unstable region in the 
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world, we will continue to experience periodic 
price hikes like the one that drove the price of oil 
to $145 a barrel in the summer of 2008. 

For its part, China has been using its vast cur- 
rent account surpluses to buy up energy companies 
and controlling stakes in oil fields in many parts of 
the world. It has also embarked upon an ambitious 
plan to dominate the production of solar panels, 
which the Chinese intend to build for their own and 
the world’s transition to low-carbon energy pro- 
duction. China will also soon become the largest 
source of wind power in the world, and is building 
an 800-kilovolt super grid connecting all parts of 
the country to the most sophisticated smart trans- 
mission and distribution network for electricity the 
world has ever seen. 

The U.S. current account deficit, by contrast, 
is being driven by ridiculously high dependence 
on foreign oil toward what the Peterson Institute, 
founded by former Secretary of Commerce Pete 
Peterson, describes as an economic catastrophe 
in the making. In the first quarter of 2009, the 
U.S. current account deficit stood at $101.5 bil- 
lion (lower than usual because of the recession) — 
driven in part by $46 billion in imports of foreign 
petroleum and petroleum products. 

All three of these crises—the security crisis, 
the economic crisis, and the climate crisis—seem 
unsolvable in isolation. Yet when we look closely, 
we can see the common thread running through 
them, deeply ironic in its simplicity: our dangerous 
overreliance on carbon-based fuels is at the core of 
all three of these challenges. 

If we grab hold of that thread and pull it hard, 
all of these complex problems begin to unravel, and 
we will find that we are holding the answer to all of 
them right in our hand: we need an historic com- 
mitment to put people to work building the infra- 
structure and technology base for a massive and 


speedy shift away from coal, oil, and gas to renew- 
able forms of energy. 

President Barack Obama’s initial stimulus 
package made impressive steps toward building 
a renewable-energy infrastructure in the United 
States, but as of this writing, the oil, coal, and natu- 
ral gas companies—in combination with fossil fuel- 
dependent electric utilities and ideologically driven 
climate deniers—have exercised their control over 
congressional decision-making by blocking climate 
and energy legislation in the U.S. Senate. 

For now, the United States is still borrowing 
money from China to buy oil from the Persian Gulf 
to burn in ways that destroy the planet. Every bit of 
that’s got to change. 

The latest scientific studies that measure the 
impact of the climate crisis continue a pattern that 
has been obvious for the last 20 years at least. 

Each new in-depth assessment has found that ear- 
lier projections of the worst-case outcome have 
understated how serious this crisis is and how 
rapidly it is growing. The world authority on the 
climate crisis, the Intergovernmental Panel on 
Climate Change, after 20 years of detailed study 
and four unanimous reports, now says that the 
evidence is “unequivocal.” 

But the golden thread of reason that used to 
be stretched taut to mark the boundary between 
the known and the unknown is now routinely dis- 
respected. We are living in a political culture driven 
partially mad by the transformation of the “pub- 
lic forum” that emerged in the wake of the printing 
press, which brought us newspapers, books, mass 
literacy, the “rule of reason,” egalitarianism, and 
representative democracy. 

What philosophers of the early Enlightenment 
described as “the Republic of Letters” has been 
subjugated by electronic images that carelessly 
blend news with entertainment, advocacy with 
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advertisements, and the public interest with 
self-interest. 

The late German philosopher Theodor Adorno 
first described this transformation in a very differ- 
ent context 58 years ago: “The conversion of all 
questions of truth into questions of power... has 
attacked the very heart of the distinction between 
true and false.” 

Here is one seemingly trivial but illustrative 
example of this phenomenon: last summer in 
the United States, some political opponents of 
President Obama claimed that he was actually not 
born in the United States, and thus was not eligible 
to continue serving as president. The governor of 


resembles the willful refusal of many so-called 
climate skeptics to accept the truth about the cli- 
mate crisis, as exhaustively documented by the 
Intergovernmental Panel on Climate Change in 
four comprehensive assessments over the past 20 
years—the conclusions of which were unanimously 
endorsed by the national academies of science in all 
the world’s leading nations, including the United 
States, China, the United Kingdom, India, Russia, 
Brazil, France, Italy, Canada, Germany, and Japan. 
The late Senator Pat Moynihan once famously 
said, “Everyone is entitled to his own opinions, but 
not to his own facts.” In order to arrive at a global 
consensus sufficient to support the bold solutions 


“Everyone is entitled to his own opinions, but 
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Hawaii, where Obama was born, though not of his 
political party, personally examined and publicly 
verified the official certificate of his birth 48 years 
ago. Libraries in Hawaii provided copies of contem- 
poraneous birth announcements in two Honolulu 
newspapers, confirming the facts as stated on his 
birth certificate. Nevertheless, millions of people 
continued to dispute these established facts; some 
even suggested the possibility ofa dark, multigen- 
erational, well-planned conspiracy, at one point 
offering a sloppy and patently bogus forgery of a 
Kenyan birth certificate. 

This odd faux controversy is hardly worth 
mentioning—except for the fact that it so closely 
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now essential to our survival, we have to find ways 
to search for the best available evidence, test it in 
vigorous and open discussion, but then, when rea- 
sonable people agree in good faith that the facts 
thus established are far more likely to be true than 
alternative explanations, we should accept them 
and move on to address their implications. 

The second reason for noting the “birther” 
episode is to draw a second parallel to the treat- 
ment of climate science. Disturbingly, some estab- 
lished news organizations—perhaps because they 
were confused about the distinction between 
reporting the news and providing fictional enter- 
tainment to boost their ratings by fanning the 
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flames of a counterfeit controversy—pretended to 
a mass audience that the facts were still in dispute 
and warranted further fevered investigation. 

It is in this context that some opponents of 
progressive change have grown weary of warnings 
of catastrophe as a basis of mobilizing support for 
policy changes. As a consequence, they regularly 
discount the scientific evidence. This is one of the 
reasons it has been so difficult to convince civic 
and business leaders who ought to know better 
that the climate crisis is not exaggerated. 

The integrity of the deliberative process on 
which self-government depends is put at risk by 
the continuing willful promotion of false contro- 
versy over long- and well-established facts delin- 
eating the magnitude and gravity of the climate 
crisis. Sometimes, bearing false witness can be 
murderous, and self-deception can be suicidal. 

In the Book of Proverbs, King Solomon offered a 
warning about people committed to violence as a 
way of life: “They set an ambush for themselves.” 

In the 6th century B.C., Aesop told his fable 
about the young shepherd boy who watched help- 
lessly as the sheep entrusted to his care were eaten 
because he had cried “Wolf!” falsely on too many 
previous occasions in order to mischievously 
amuse himself with the spectacle of nearby farm- 
ers running to the sound of his voice. 

Two hundred years earlier, an unknown 


Chinese fabulist told of an emperor who repeatedly 


rang the alarm bell intended to signal an invasion 
of the city in order to amuse his favored concubine 


with the immediate fevered preparations for immi- 


nent battle by his soldiers. When the real invasion 


came, the alarm bell was met with languor, the city 


was overrun, and the emperor was killed. 

In our generation, the decision by powerful 
ideologues and self-interested corporate advocates 
to convert “questions of truth into questions of 


power” has produced a similar lassitude in reaction 
to genuine, fact-based warnings of an onrushing 
tragedy with no parallel in all of history. 

Some who reject the scientific consensus and 
minimize the crisis argue that our best course Is 
to simply adapt to the changes being wrought and 
acknowledge that stopping it is beyond our abil- 
ity. Others have viewed the task of adaptation as a 
dangerous diversion from the overriding challenge 
of preventing the destruction of the conditions on 
our planet that have nurtured the development 
and rise of humanity and are essential for the con- 
tinuation of civilization as we know it. 

But in reality, this is a false choice. We must 
undertake both challenges simultaneously, res- 
cuing those in harm’s way while saving the future 
of human civilization. Any other strategy would 
rightly meet condemnation. 

Moreover, compassion and assistance for those 
already being hurt by the early impacts of the cli- 
mate crisis are a practical necessity for building and 
strengthening the global consensus necessary for 
the larger task of solving the crisis and avoiding the 
worst impacts. The overriding reality overlooked by 
those who wish to focus only on adaptation is that 
unless we take bold steps to stop the destruction of 
the earth’s environment, adaptation would prove 
to be totally impossible. 

Were we not to take bold action, the worst 
impacts of the climate crisis would unfold over 
many generations, escalating in their destruc- 
tive power decade by decade. But we cannot wait 
for the full fury of the crisis in order to mobilize a 
response, because by then it would already be too 
late to stop the process that we have set in motion. 

By that point, the generation that finally real- 
ized that humans had been condemned to an end- 
less degradation of their prospects for the entirety 
of their lives and the lives of their children and 


their children’s children would be entirely justified 
in looking backward at us in our time as a criminal 
generation that they would curse endlessly as the 


architects of humanity’s destruction. 

In practical terms, the rescue of future genera- 
tions must start right now. Even as we extend our 
hands to those suffering in the present generation, 
we must reject the argument that this rescue is any 
more than the beginning of what we must do. 


One thin September soon 
A floating continent disappears 
In midnight sun 


Vapors rise as 
Fever settles on an acid sea 
Neptune’s bones dissolve 


Snow glides from the mountain 
Ice fathers floods for a season 
A hard rain comes quickly 


Then dirt is parched 
Kindling is placed in the forest 
For the lightning’s celebration 


Unknown creatures 
Take their leave, unmourned 
Horsemen ready their stirrups 


Passion seeks heroes and friends 
The bell of the city 
On the hill is rung 


The shepherd cries 
The hour of choosing has arrived 
Here are your tools 


= —AlGore, Nashville, Tennessee, 2009 
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Human civilization and the earth’s ecological system are colliding, and the 
climate crisis is the most prominent, destructive, and threatening manifestation 
of this collision. It is often lumped together with other ecological crises, such 

as the destruction of ocean fisheries and coral reefs; the growing shortages 

of freshwater; the depletion of topsoil in many prime agricultural areas; the 
cutting and burning of ancient forests, including tropical and subtropical rain 
forests rich in species diversity; the extinction crisis; the introduction of long- 
lived toxic pollutants into the biosphere and the accumulation of toxic waste 


from chemical processing, mining, and other industrial activities; air pollution; 


and water pollution. 


These manifestations of the violent impact 
human civilization has on the earth’s ecosystem 
add up to a worldwide ecological crisis that affects 
and threatens the habitability of the earth. But the 
deterioration of our atmosphere is by far the most 
serious manifestation of this crisis. It is inherently 
global and affects every part of the earth; it is a con- 
tributing and causative factor in most of the other 
crises; and if it is not quickly addressed, it has the 
potential to end human civilization as we know it. 

For all its complexity, however, its causes are 
breathtakingly simple and easy to understand. 

All around the world, we humans are putting 
into the atmosphere extraordinary amounts of six 
different kinds of air pollution that trap heat and 
raise the temperature of the air, the oceans, and the 
surface of the earth. 

These six pollutants, once emitted, travel up 
into the sky quickly. But all six of them eventually 
come back down to earth, some quickly, others very 
slowly. And as a result, the oft-cited aphorism “What 
goes up must come down” will work in our favor 
when we finally decide to solve the climate crisis. 

Indeed, the simplicity of global warming 


causation points toward a solution that is equally 
simple, even if difficult to execute: we must 

sharply reduce what goes up and sharply increase 
what comes down. That’s what this book is about. 

The biggest global warming cause by far— 
carbon dioxide—comes primarily from the burning 
of coal for heat and electricity, from the burning of 
oil-based products (gasoline, diesel, and jet fuel) in 
transportation, and from the burning of coal, oil, 
and natural gas in industrial activity. Carbon diox- 
ide produced in the burning of these fossil fuels 
accounts for the single largest amount of the air 
pollution responsible for the climate crisis. That is 
why most discussions of how to solve the climate 
crisis tend to focus on producing energy in ways 
that do not at the same time produce dangerous 
emissions of CO,. 

At this point, however, the burning of coal, oil, 
and natural gas is not only the largest source of co, 
but also far and away the most rapidly increasing 
source of global warming pollution. 

After fossil fuels, the next largest source of 
human-caused CO, pollution—almost a quarter 
of the total—comes from land use changes— 
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WHAT GOES UP: GREENHOUSE GASES 


The pollutants that produce global warming come from many different activities, especially electricity generation, 
industry, agriculture, deforestation, and transportation. Carbon dioxide, the most prevalent greenhouse gas, enters 
the atmosphere from the processing and burning of coal (and other fossil fuels) for electricity and heat; burning forests 
and agricultural waste; land, air, and sea transportation; and frozen carbon just beginning to be released from the 
thawing of permafrost, to name just a few sources. The best scientists say we must reduce CO, to 350 parts per million 
in the atmosphere. Methane, which is less abundant but has a much stronger greenhouse effect, comes from sources 
such as livestock, rice cultivation, decaying waste in landfills, and “fugitive emissions” from coal, oil, and gas process- 
ing. Black-carbon pollution, now believed to be an extremely important contributor to global warming, is produced 

by burning forests and grasslands, cooking fires, and other man-made sources. Some industries and businesses emit 
very powerful greenhouse gases known as haloc if which are thousands of times more powerful molecule 
per molecule than CO). Industrial agriculture? source of nitrous oxide, carbon monoxide, and volatile 


organic compounds (VOCs). 
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predominantly deforestation, the burning of trees 
and vegetation. Since the majority of forest burn- 
ing is in relatively poorer developing countries and 
the majority of industrial activity is in relatively 
wealthier developed countries, the negotiators of 
proposed global agreements to solve the climate 
crisis generally try to strike a balance between mea- 
sures that sharply reduce the burning of fossil fuels 
on the one hand and sharply reduce deforestation 
on the other. 

There’s good news and bad news about CO,. 
Here is the good news: if we stopped produc- 
ing excess CO, tomorrow, about half of the man- 
made CO, would fall out of the atmosphere (to 
be absorbed by the ocean and by plants and trees) 
within 30 years. 

Here is the bad news: the remainder would fall 
out much more slowly, and as much as 20 percent 
of what we put into the atmosphere this year will 
remain there 1,000 years from now. And we’re put- 
ting 90 million tons of CO, into the atmosphere 
every single day! 

The good news should encourage us to take 
action now, so that our children and grandchildren 
will have reason to thank us. Although some harm- 
ful consequences of the climate crisis are already 
under way, the most horrific consequences can still 
be avoided. The bad news should embolden us toa 
sense of urgency, because—to paraphrase the old 
Chinese proverb—a journey of a thousand years 
begins with a single step. 

The second most powerful cause of the cli- 
mate crisis is methane. Even though the volume 
of methane released is much smaller than the vol- 
ume of CO,, over a century-long period, methane 


is more than 20 times as potent as CO, in its ability 


to trap heat in the atmosphere—and over a 20-year 
period, it is about 75 times as potent. 
Methane is different from CO, in one other key 


SYNCRUDE TAR SANDS PROCESSING PLANT, 
ALBERTA, CANADA. OVER ITS LIFE CYCLE, FUEL 
MADE FROM TAR SANDS EMITS MUCH MORE 

CO2 THAN EITHER COAL OR OIL. A TOYOTA PRIUS 
RUNNING ON GASOLINE MADE FROM TAR SANDS 
HAS THE CARBON FOOTPRINT OF A HUMMER. 
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respect: it is chemically active in the atmosphere. 
CO,, for the most part, does not interact with other 
molecules in the atmosphere, but methane does— 
and it plays a big role in its interactions with ozone, 
particulates, and other components of the atmo- 
sphere. Methane interacts with other chemicals 
in the atmosphere that break it down over a10- to 
12-year period into CO, and water vapor, both of 
which trap heat, though less powerfully molecule 
for molecule than methane before it is broken into 
its component parts. The global warming effect of 
methane is also magnified by these interactions in 
ways that make it asomewhat larger cause of the 
problem than scientists used to believe. Overall, it 
is now considered to have contributed about two 
thirds as much to global warming as CO,. 

More than half of human-caused methane 
releases occur in agriculture. Most of the methane 


from agricultural operations comes from livestock, 
livestock waste, and rice cultivation. And most of 
the remaining methane emissions come from oil 
and gas production, coal-mining operations, land- 
fills, waste treatment, and fossil fuel combustion. 

There is some good news about methane: since 
it has inherent economic value, there are power- 
ful incentives driving efforts to capture it and pre- 
vent it from being released into the atmosphere 
wherever that is possible. For example, the “natu- 
ral gas” that heats many homes is primarily meth- 
ane, so captured methane can be put to good use. In 
addition, almost a quarter of the methane releases 
come from leaks and evaporation during the pro- 
cessing, transportation, handling, and use of the 
gas. And as a result, some of these releases may 
prove easier to stop. 

However, there is also bad news about meth- 
ane: continued warming of the frozen permafrost 
in the land surrounding the Arctic Ocean (and from 


warming seabed sediments) is beginning to release 
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large amounts of methane into the atmosphere 
as the frozen structures containing it melt, and as 
microbes digest the thawing carbon buried in the 
tundra. The only practical way to prevent these 
releases is to slow and then halt global warming 
itself—while there is still time. 

The third largest source of the climate crisis is 
black carbon, also called soot. Black carbon is differ- 
ent from the other air pollutants that cause global 
warming. First, unlike the others, it is technically 
not a gas but is made up of tiny carbon particles like 
those you can see in dirty smoke, only smaller. That 
is one reason it only recently became a major focus 
for scientists, who discovered the surprisingly large 
role it was playing in warming the planet. Second, 


unlike the other five causes of global warming, 
which absorb infrared heat radiated by the earth 
back toward space, black carbon absorbs heat from 
incoming sunlight. It is also the shortest lived of 
the six global warming culprits. 

The largest source of black carbon is the burn- 
ing of biomass, especially the burning of forests 
and grasslands, mostly to clear land for agriculture. 
This problem is disproportionately concentrated in 
three areas: Brazil, Indonesia, and Central Africa. 
Forest fires and seasonal burning of ground cover in 
Siberia and Eastern Europe also produce soot that 
is carried by the prevailing winds into the Arctic, 
where it settles on the snow and ice and has con- 
tributed greatly to the progressive disappearance 


CLEANING THE AIR AFTER THE GREAT SMOG OF 1952 


In December 1952, a lethal smog descended on London, 
immersing the city in a thick blanket of pollution for five 
dark days. Four thousand people died that week, and 
8,000 more in the following months, from respiratory 
infections as well as asphyxiation. 

The tragedy was the result of increased coal burn- 
ing prompted by a stretch of especially cold weather. 
The city’s million-plus coal-heated households added 
pollutants to the already thick industrial smog pro- 
duced by local factories. Unusual weather conditions— 
including a temperature inversion—kept the hugely 
elevated levels of black soot and tar particles close to 
the ground, reducing visibility and bringing the city toa 
virtual standstill. 

After this disaster, the government took action to 
improve the country's air quality. In 1956, the British 
Parliament introduced the Clean Air Act, outlawing 
the burning of coal in open-hearth fires and incentiv- 
izing the replacement of coal with cleaner sources of 
energy, such as electricity, gas, and oil. Soon thereafter, 
a determined environmental movement also emerged 
inthe United States and beyond. 


Daytime air quality in London’s Trafalgar Square in 1952 
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of the Arctic’s sea ice cover. Indeed, one estimate 
is that black carbon is responsible for an estimated 
1°C (1.8°F) of the 2.5°C (4.5°F) of warming that 
has already occurred in the Arctic. Large amounts 
of black carbon are also produced by forest fires 
in North America, Australia, Southern Africa, and 
elsewhere. In addition to biomass burning, as much 
as 20 percent of the black carbon comes from the 
burning of wood, cow dung, and crop residues in 
South Asia for cooking and heating homes, and 
from China, where the burning of coal for home 
heating is also a major source. 

Black carbon also poses a particular threat to 
India and China, partly because of the unusual 


BLACK CARBON AND HIMALAYAN GLACIERS 


seasonal weather pattern over the Indian subcon- 
tinent, which typically goes without much rain for 
six months of the year between monsoon seasons. 
The temperature inversion that forms over much of 
South Asia during that period traps the black carbon 
above the glaciers and snow, causing air pollution 
high in the Himalayas and on the Tibetan Plateau. 
In some of these areas, air pollution levels are now 
comparable to those of Los Angeles. So much black 
carbon settles on the ice and snow that the melt- 
ing already triggered by atmospheric warming has 
accelerated. By some estimates, 75 percent of all 
Himalayan glaciers less than 15 square kilometers 
could disappear in as little as 10 years. 


As much as 20 percent of the black carbon in our atmosphere comes from the burning of wood, dung, and crop residues for 


household cooking and heating in India, and from lumps of coal burned by households in China. Between monsoons, brown 


clouds of pollution are trapped above the Himalayas. The black carbon falls on the glaciers, darkening their surface and 


causing the ice and snow to absorb sunlight instead of reflecting it, accelerating the rate of melting. Partly asa result, 


scientists expect many Himalayan glaciers will disappear by 2020. 
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SOURCE: New York Times, “Third-Worid Soot Is Target in Climate Fight,” April1s5, 2009 
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Since half of the drinking water and agricul- 
tural water in India and much of China and Indo- 
china comes from the seasonal melting of these 
same glaciers, the human consequences could soon 
become catastrophic. For example, 70 percent of 
the water flowing in the Ganges River comes from 
the melting of ice and snow in the Himalayas. 

Black carbon is also produced by the burning 
of agricultural waste, such as residue from sugar- 
cane (bagasse) and residue from corn (stover), and 
from burning firewood throughout the world. 

More than a third of the black carbon in the 
atmosphere comes from the burning of fossil fuels, 
primarily from diesel trucks not equipped with 
devices to trap emissions as they exit the tailpipe. 
Though these devices have recently been intro- 
duced, they are not yet widely used. 

It is noteworthy that so much of the black- 
carbon pollution comes from activities that simul- 
taneously produce CO,, including inefficient 
engines for small vehicles in Asia and wasteful 
coal-fired power plants. But this need not be the 
case. For example, coal burning in industrial coun- 
tries produces CO, without producing much black 
carbon due to measures taken in the past several 
decades to make fuel combustion more efficient 
and to curb local air pollution. 

Most of the global warming caused by black 
carbon comes from its absorption of incoming 
sunlight. It is a primary component of the large 
brown clouds that cover vast areas of Eurasia and 
drift eastward across the Pacific Ocean to North 
America and westward from Indonesia across the 
Indian Ocean to Madagascar. These clouds—like 
some other forms of air pollution—partially mask 
global warming by blocking some of the sunlight 
that would otherwise reach lower into the atmo- 
sphere. Black carbon typically does not linger in 
the atmosphere for long periods of time, because 


it is washed out of the air by rain. (That may be 

yet another reason why it was traditionally not 
included in the list of greenhouse gas pollutants.) 
As a result, once we stop emitting black carbon, 
most of it will stop trapping heat in the atmosphere 
in a matter of weeks. Right now, however, we put 
such enormous quantities of black carbon into the 
air every day, the supply is continually replenished. 
And scientists have taken note that in areas of the 
world that experience long, dry seasons with no 
rainfall, black-carbon concentrations build up to 
extraordinarily high levels. 

Moreover, scientists are increasingly concerned 
about black carbon because it also causes the earth 
to warm up in a second way: when it falls on ice 
and snow, it darkens the white reflective surface 
so much that sunlight that used to bounce off is 
absorbed instead, causing more rapid melting. 

The overall reflectivity of the earth is an impor- 
tant factor in understanding the problem of global 
warming. The more sunlight bounces off the tops of 
clouds and the highly reflective parts of the earth’s 
surface, the less solar radiation is absorbed as heat. 
The less heat absorbed, the less trapped by global 
warming pollution when it is re-radiated toward 
space as infrared radiation. 

This has led some scientists to suggest painting 
millions of roofs white and other steps to increase 
the reflectivity of the earth’s surface. These ideas 
are worthy of serious consideration. But, in the 
meantime, we are losing much of the earth’s nat- 
ural reflectivity (or albedo, as scientists refer to it) 
with the melting of ice and snow—particularly in 
the Arctic and the Himalayas. 

The fourth most significant cause of global 
warming is a family of industrial chemicals called 
halocarbons—including the notorious chlorofluoro- 
carbons (CFCs). Many are already being regulated 
and reduced undera 1987 treaty (the Montreal 
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ALBEDO: MEASURING THE SUN’S REFLECTION 
Albedo is a measure of the reflectivity of different objects and surfaces on the earth: the lower the number, the more 
energy is absorbed, contributing to global warming. The most reflective surfaces are snow and ice, which send as much as 


90 percent of the sun’s energy back toward space. As sea ice melts, it exposes the far more energy-absorbent ocean. 
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SOURCE: National Center for Atmospheric Research; Lawrence Berkeley National Laboratory; C. Donald Ahrens, Meteorology Today 
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CARBON DIOXIDE (CO2) 


SULFUR HEXAFLUORIDE (SF¢) 


BUTANE (CH3CH2CH2CH3) 


A GUIDE TO GLOBAL WARMING POLLUTANTS 


METHANE (CH,) 


TETRAFLUOROETHANE 
(CH2FCF3) 


BLACK CARBON IN GAS 


CARBON MONOXIDE (CO) 


NITROUS OXIDE (N20) 


All global warming comes directly or indirectly from the effects of six families of pollutants (see “The Sources of Global 


Warming,” right). The largest role is played by carbon dioxide (CO), the most abundant and most rapidly increas- 


ing greenhouse gas. Methane (CH,), also a greenhouse gas, is the second worst cause, followed by black carbon (soot). 


Important roles are also played by industrial chemicals invented in the zoth century—chlorofluorocarbons; halocarbons, 


such as tetrafluoroethane (CH,FCF;); and sulfur hexafluoride (SF¢). All of these chemicals trap heat in the atmosphere. 


Carbon monoxide (CO) and volatile organic compounds (VOCs)—such as butane—do not trap heat directly but interact 


with other pollutants to create compounds that do trap heat. Finally, nitrous oxide (N,O)—which is mainly a by-product 


of nitrogen-intensive agriculture—plays a smaller but still significant role in trapping heat in the earth’s atmosphere. 


Protocol) that was adopted worldwide in response 
to the first global atmospheric crisis, the hole inthe 
stratospheric ozone layer. Asan added benefit of that 
treaty, this category of global warming pollution is 
now slowly but steadily declining. It still represents 
roughly 13 percent of the total problem—a signifi- 
cant number—so efforts to further strengthen the 
Montreal Protocol that are already under way will 
help. Forexample, many scientists are critical of 
the U.S. insistence in 2006 that the phaseout of 
methyl bromide be delayed indefinitely for certain 


agricultural uses. In addition, there is growing con- 
cernamong scientists that some of the chemicals 
used as substitutes for halocarbons—particularly 
chemicals knownas hydrofluorocarbons—should 
also be controlled under the Montreal Protocol 
because they are potent global warming pollutants 
and their volume is growing rapidly. 

Three other chemical compounds in the halo- 
carbon family that do not destroy stratospheric 
ozone (and thus were not covered in the earlier 
treaty) are also potent greenhouse gases. These are 
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controlled under the Kyoto Protocol (which the 
United States didn’t ratify). Some halocarbons stay 
in the atmosphere for thousands of years. (One of 
them, carbon tetrafluoride, lingers in the atmo- 
sphere for an incredible 50,000 years—though, 
thankfully, it is produced in small volumes.) 

It is important to note that the world’s efforts 
to protect the stratospheric ozone layer repre- 
sent an historic success. Even though the affected 
industries initially fought acceptance of the science 
that alerted us to the gravity of the threat, politi- 
cal leaders in country after country wasted very lit- 
tle time in coming together across ideological lines 
to secure an effective treaty in spite of some resid- 
ual uncertainty in the science. Three years after 
the treaty was signed, they revisited the subject 
and toughened the original standards. In the years 
since, it has been strengthened again several times. 
Significantly, some of the same corporations that 
had opposed the original treaty worked in favor 
of strengthening it after their experience in find- 
ing substitutes for the offending chemicals. As a 
result, the world is now well on the way to solving 
this particular problem. Scientists say it may take 
another 50 to 100 years before the stratospheric 
ozone layer is fully healed, but we are now moving 
in the right direction. They caution us, however, 
that the one thing that could reverse this trend 
is failure to solve global warming, which accord- 
ing to some scientists could threaten to make the 
ozone hole above Antarctica start growing again. 
Continued heating of the atmosphere (and cool- 
ing of the stratosphere) could threaten to restart 
the destruction of stratospheric ozone and thin the 
ozone layer to the point where it could once again 
become a dangerous threat to human life. 

The next family of air pollutants contributing 
to global warming includes carbon monoxide 
and volatile organic compounds (VOCs). Garbon 


monoxide is mostly produced by cars in the U.S., 
but is also produced in large quantities in the rest 
of the world by the burning of biomass. VOGs are 
produced mainly in industrial processes around 
the world, but in the U.S., a quarter of these emis- 
sions comes from cars and trucks. These pollutants 
actually do not trap heat themselves, but they lead 
to the production of low-level ozone, which is a 
potent greenhouse gas and unhealthy air pollutant. 
These pollutants are not included in the offi- 
cial list of chemical compounds controlled under 
the Kyoto Protocol—just as black carbon is not 
yet included—but scientific experts include them 
among the causes of global warming because they 
interact with other chemicals in the atmosphere 
(including methane, sulfates, and, to a lesser 
extent, CO,) in ways that further trap significant 
amounts of heat and contribute to global warming. 


CARBON DIOXIDE 


THE SOURCES OF GLOBAL WARMING 

Global warming can be traced to six families of pollutants, 
whose proportional role in the problem is seen above. These 
gases and black carbon are emitted from many human 


endeavors, from transportation to farming to heating. 


SOURGE: DrewT, Shindell, et al., Science, in press, 2009 
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Any comprehensive strategy for solving the climate 
crisis should, therefore, focus on these pollutants, 
along with the other five causes of global warming. 
The details of sucha strategy must also include 
attention to other chemicals in the atmosphere 
that add complexity to the problem, such as sulfur 
dioxide (which leads to the formation of sulfate 
particles), nitrogen oxides (which contribute to the 
formation of ozone), sulfates, nitrates, and organic 
carbon. All of these have a net cooling effect on 
their own, but they also interact with global warm- 
ing pollution and impact public health and ecosys- 
tems in ways that affect problem-solving strategies. 
The last cause of global warming is nitrous 
oxide. The vast majority of nitrous-oxide emissions 
comes from agricultural practices that rely heavily 
on nitrogen fertilizers, greatly magnifying the nat- 
ural emissions resulting from the bacterial break- 
down of nitrogen in the soil. In the past 100 years— 
since two German chemists discovered a new 
process for combining hydrogen with atmospheric 
nitrogen to create ammonia—we have doubled the 
amount of available nitrogen in the environment. 
Traditionally, farmers rotated crops to replenish 
nitrogen depleted from the soil after several years 
of growing the same crop. By planting legumes 
and applying animal manure, farmers found they 
could restore fertility to their land. However, mod- 
ern agriculture has come to rely heavily on vast 
quantities of synthetic ammonia fertilizers that 
continually add nitrogen to soils otherwise too 
depleted to grow crops. This Faustian bargain has 
greatly increased crop yields. The trade-off has been 
_ nitrous-oxide emissions into the atmosphere and 


© nitrogen runoffs into rivers and creeks, where it 


stimulates the rapid and unsustainable growth of 
| algae blooms. When these algae blooms die and 

decompose, the oxygen in the water is depleted, 

forming “dead zones” where fish and many other 


species cannot survive. Moreover, since these syn- 
thetic ammonia fertilizers require large amounts 

of fossil fuel to produce, the manufacturing process 
adds significant amounts of CO, to the atmosphere. | 

Smaller amounts of nitrous oxide are also emit- | 
ted from burning fossil fuels, from a variety of 
industrial processes, and from poor management of 
livestock manure and human sewage. 

Although nitrous oxide is the smallest contrib- 
utor among the six causes of global warming, it is 
nevertheless significant and can be reduced if we 
change the way we use nitrogen. 

Finally, it is important to note the role played 
in the atmosphere by water vapor. Some commen- 
tators like to point out that water vapor traps more 
heat than CO,. While this is technically correct, the 
extent to which water vapor traps more heat than 
normal in the earth’s atmosphere is determined 
by the extent to which global warming pollutants 
raise the air and ocean temperatures, increasing the 
amount of water vapor the atmosphere can hold. 
The amount of water vapor in the air is responsive 
to its temperature and to atmospheric circulation 
patterns that help determine the relative humid- 
ity. Because changes in these variables are being 
driven by the emission of CO, and other global 
warming pollutants, human activities are really 
controlling the change in atmospheric water vapor. 
Consequently, the only way to reduce the role of 
water vapor is to solve the climate crisis. 

So there it is: the solution to global warming is 
as easy to describe as it is difficult to put into prac- 
tice. Emissions of the six kinds of air pollutants 
causing the problem—CO,, methane, black carbon, 
halocarbons, nitrous oxide, and carbon monoxide, 
plus VOCs—must all be reduced dramatically. And 
we must simultaneously increase the rate at which 
they are removed from the air and reabsorbed by 
the earth’s oceans and biosphere. 
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The single largest source of man-made global warming pollution is the produc- 


tion of energy from fossil fuels—coal, oil, and natural gas. Consequently, the 


most important solutions for the climate crisis require the accelerated develop- 
ment and deployment of low-CO, substitutes for producing the energy needed 


for the global economy. Our present dependence on fossil fuels is relatively new 


in human history. Although both coal and oil were known in antiquity, they were 


used only in very small quantities at locations where they were easily accessible 


on the earth’s surface. 


Wood remained the principal source of energy 
until the latter part of the 18th century. The slow 
but steady growth in human population through- 
out the Middle Ages (which accelerated after 
Europeans colonized the Americas) led toa dra- 
matic reduction of Europe’s tree cover, from 95 
percent at the time of the Roman Empire’s collapse 
in 476 to only 20 percent at the beginning of the 
Scientific Revolution in the early 17th century. 

The combination of widespread wood shortages 
and newly developed, energy-using machines (as 
the Scientific Revolution gained momentum) led 
to wider use of coal, which had always been con- 
sidered inferior to wood as a home heating source 
because of the air pollution it produced in houses 
and cities. But coal’s higher energy-to-weight ratio 
made it preferable—first in metallurgy, where 
higher temperatures were necessary for produc- 
ing iron and steel, and then in a variety of emerging 
manufacturing processes that set the stage for the 
Industrial Revolution. 

As the search for coal pushed underground, 
coal mining and the key technologies of the early 
Industrial Revolution developed in tandem. The 
steam engine and the use of steel wheels on steel 
rails both emerged first in coal mines. As these 


technologies improved, steam-powered locomo- 
tives on aboveground rail lines and use of the steam 
engine as a replacement for sails in powering mid- 
19th-century oceangoing vessels contributed to 
the surge in coal demand. Soon, the Industrial 
Revolution led to widespread use of coal as the 
principal source of energy for factories. But it was 
the harnessing of electricity for commercial use in 
the late 1800s that set the stage for today’s domi- 
nant use of coal. 

When considering the best choices we can 
make for producing low-CO, energy from new 
sources rather than fossil fuels, it is important 
to think differently about each of the three discrete 
forms of energy that are moved from one place 
to another: liquid fuels, gaseous fuels, and electric- 
ity. Each of these three sectors of the energy 
marketplace has its own special characteristics. 

Liquid forms of energy come almost entirely 
from oil and have very different characteristics 
from those of either electricity or gas. Because they 
are easily stored and contain more energy, pound 
for pound, than coal, liquid fuels derived from 
oil account for almost all of the energy used in 
transportation throughout the world. In the U.S., 
more than half ofall oil use is in cars and trucks, 
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with most of the rest used in industry for stationary 
diesel engines and as petrochemical feedstock. A 
little less than 10 percent is used for heating homes 
and businesses, and less than 6 percent is used for 
generating electricity. 

Overall, oil is now the largest source of energy 
we use, providing considerably more energy than 
either coal or gas. However, the burning of petro- 
leum products produces about 30 percent less 
CO, than the burning of coal, per unit of energy 
generated. 

(It’s ironic that the first successful oil well—in 
Pennsylvania—was drilled in 1859, the same year 
the great Irish scientist John Tyndall determined 
that CO, molecules intercept infrared radiation, a 
discovery that led to the science of global warming.) 

Liquid fuels pose very different challenges than 
do the other two forms of energy, electricity and 
natural gas. Most nations, including the United 


States, are dependent on foreign sources for oil, 
and the global market is dominated by the huge 
reserves in the Middle East, the flows of which have 
been interrupted several times in the past 35 years 
for geopolitical reasons. Moreover, wildly oscillat- 
ing oil prices have periodically wreaked havoc with 
efforts by the U.S. and other large oil consumers to 
sustain national investment strategies to acceler- 
ate the development of renewable forms of energy. 
(The lower-CO, alternatives for oil-based liquid 
fuels are discussed in Chapter 6.) 

Natural gas, the second primary form of energy 
we use, is principally methane. Gas now provides 
for approximately 23 percent of the world’s energy 
consumption. Almost 40 percent ofall natural gas 
is used in industry as a chemical feedstock and asa 
source of heat for boilers. In recent decades, almost 
one third of natural gas has gone to the production 
of electricity, and almost 20 percent is used directly 


GARBON DIOXIDE FROM CARBON-BASED FUELS 


Our carbon-based fuels have very different characteristics. Oil and natural gas have more energy, pound for pound, than 


coal. But oil produces 40 percent more CO, than gas, and coal creates 40 percent more than oil. Wood, the only renewable 


carbon-based fuel, contains the least energy by weight. 
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in homes for heating and cooking. 

Gaseous carbon fuels were first produced from 
coal in an expensive conversion process, but later, 
oil drillers began discovering large amounts of 
natural gas in the same underground formations 
from which they were pumping petroleum. At 
first they simply burned the gas off in order to 
get at the oil, but now they collect both oil and 
gas. As the value of natural gas became more 
apparent, geologists learned to locate wells that 
produce only gas. 

Because methane has many more hydrogen 
atoms per carbon atom than either coal or oil, it 
produces only 70 percent of the CO, produced by 
oil—and roughly half of the CO, produced by 
coal—for the same amount of energy. That is why 
many consider natural gas an important transition 
fuel in the shift away from coal and oil. Over the 
next few decades, however, the reductions in CO, 
needed to halt destruction of our climate will 
require shifting away from gas, as well as from coal 
and oil. After all, one fifth of the CO, produced in 
the energy marketplace already comes from 
the burning of gas. 

Gaseous fuels have special characteristics. 

The best new gas-fired power plants are roughly 
twice as efficient as a typical coal plant. 

Electricity is a primary energy carrier made 
from sources as diverse as coal, sunlight, and wind. 
It is responsible for delivering a large part of the 
world’s energy, growing faster than any other 
energy sector. The invention of incandescent light- 
ing by Thomas Edison in 1879 and the subsequent 
invention of alternating current by Nikola Tesla 
nine years later led to the progressive electrifica- 
tion of streetcars, factories, and homes, and a rap- 
idly proliferating array of electrical devices whose 
progeny are still ubiquitous in our lives. 

In spite of its widespread use and convenience, 


however, electricity also has important disadvan- 
tages. First, a large percentage of the energy 
contained in the fuels burned to produce electric- 
ity is lost in the relatively inefficient conversion to 
electrical current. Second, electricity has been 
expensive to store. 

Finally, of course, as the demand for electricity 
has grown rapidly, and the early dependence on 
hydroelectric generators has given way to coal-fired 
steam generators, the production of man-made 
CO, from coal has grown exponentially. More 
than 40 percent of all the electricity in the world is 
still produced by burning coal, and roughly half 
that much electricity (20 percent) comes from 
burning natural gas. 

The remainder of the world’s electricity comes 
from sources that do not produce large amounts 
of CO,. Hydroelectric dams provide 18 percent, and 
less still—15 percent—comes from nuclear power, 
once considered the natural successor to fossil 
fuels. A small amount comes from solar, wind, and 
geothermal, sources that are all expected to grow 
rapidly in the next quarter-century. 

The growing popularity of electricity com- 
pared with other forms of energy is due not only to 
the ease with which it can be used but also to the 
versatility of the electricity transmission and dis- 
tribution infrastructure to handle a variety of dif- 
ferent energy sources to power electric turbines. 
That is because, with some exceptions—solar 
photovoltaic energy and fuel cells, for example— 
most forms of electricity production utilize energy 
to rapidly turn the blades of a turbine in order to 
spin copper coils or magnets in relation to one 
another, thereby producing electrical current (see 
“How a Turbine Works,” page 60). Coal, gas, and oil 
are all burned to make steam that is pressurized to 
turn the turbines. Windmills and hydroelectric 
dams turn the blades directly. 


‘ld put my money 

onthe sun af 5. Ui 

energy. What a- 
sou rce or power! 


| 


eon 


MIRRORS REFLECT ANT FOCUS THE SUNLIGHT AT a 
THE “POWER TOWER” NEAR SEVILLE, SPAIN: a 
| a 


Altogether, oil, coal, and natural gas still pro- 
vide 86.5 percent of the primary energy we now 
use on Earth. (Oil is responsible for 36.5 percent; 
coal for 27 percent; and natural gas for 23 percent.) 
Taken together, these three fossil fuels make up 
the single largest cause of global warming. That is 
why the world has begun to focus with such inten- 
sity on new alternatives for producing energy 
without emitting large quantities of CO,. 

The exciting news about renewable, low- 

CO, sources of energy—especially for producing 
electricity—is that there is an almost limitless 
amount available. Indeed, all of the oil, coal, and 
natural gas in the world contain the same amount 
of energy as the earth receives in only 50 days from 
the sun. The earth is bathed in so much energy from 
the sun that the amount falling on the surface of 
our planet every hour is theoretically equal to the 
entire world’s energy use for a full year. Even taking 
into account all of the technical difficulties in cap- 
turing and using solar energy, it would take only 
seven days’ worth of sunlight hitting the earth to 
meet the annual energy needs of the planet. 

Almost a hundred years ago, Thomas Edison 
said, in a conversation with Henry Ford and Harvey 
Firestone: “I’d put my money on the sun and solar 
energy. What a source of power! I hope we don’t 
have to wait until oil and coal run out before we 
tackle that.” 

Similarly, one month’s worth of the energy 
that could be captured from wind and from the 
geothermal energy emitted from the earth itself 
could each supply civilization’s entire energy 
use for a year. Add to that the energy contained in 
flowing rivers and the waves and tides of the 
ocean, and it’s obvious that renewable sources of 
energy—if developed—could completely replace 
CO,-rich fossil fuels. 

The difficulty, of course, lies in the focused 
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effort and large investments needed to develop and 
build cost-effective renewable-energy systems that 
allow us to capture and efficiently use these enor- 
mous natural flows of energy. 

All forms of energy are expensive, but over 
time, renewable energy gets cheaper, while carbon- 
based energy gets more expensive. Renewable 
energy will decline in price for three reasons. 

First, once the renewable infrastructure is built, 
the fuel is free forever. Unlike carbon-based fuels, 
the wind and the sun and the earth itself provide 
fuel that is free, in amounts that are effectively 
limitless. 

Second, while fossil fuel technologies are more 
mature, renewable-energy technologies are still 
being rapidly improved. So innovation and ingenu- 
ity give us the ability to constantly increase the effi- 
ciency of renewable energy and continually reduce 
its Cost. 

Third, once the world makes a clear commit- 
ment to shifting toward renewable energy, the vol- 
ume of production will itself sharply reduce the 
cost of each windmill and each solar panel, while 
adding yet more incentives for additional research 
and development to further speed up the innova- 
tion process. 

Consider, for example, what has happened to 
the cost and effectiveness of computers during the 
past 20 years. The growing demand for inexpensive 
computers has led to larger budgets allocated by 
manufacturers of computer chips to research and 
develop less expensive and more powerful ways to 
process information. 

The well-known phenomenon known as 
Moore’s Law (which predicts that the number of 
transistors on a computer chip will double every 
18 to 24 months) has led toa 50 percent reduc- 
tion in price for the same information processing 
power every year anda half or so for the last several 


decades. It is, instead, a self-fulfilling expectation 
by competing companies, all of whom assume their 
competitors will do what’s necessary to continue 
this breakneck pace of advance. 

Since each company anticipates that the 
industry as a whole will continue to follow this 
pathway, each company competes vigorously 
to make sure it is not left behind. And since the 
demand for computers around the world has con- 
tinued to grow dramatically, the incentive for 
staying ahead of the competition is large enough 
to justify spending more money to build the 
best and most powerful computers at the lowest 
possible cost. 

Moreover, as the most powerful computers 
enhance the ability of these scientists and 
engineers to explore ever newer ways to handle 
bits of information—by using new materials, sub- 
atomic processes, designing ever more advanced 
fabrication tools, and exploring new designs by 
simulating them on computers without having 
to actually build them—there is a positive feed- 
back loop that continues to drive exciting new 
breakthroughs. These breakthroughs are expected 
to continue this extraordinary pattern of radical 
improvement every 18 to 24. months for at least 
another two decades. 

In much the same way, the explosion in demand 
for innovative new approaches to the production 
of energy from renewable sources is fueling ever 
larger research and development budgets to find 
innovative new approaches at lower costs. In other 
words, what has been done with bits of informa- 
tion is beginning to be done with electrons. And as 
the cost comes down, the demand goes up, reinforc- 
ing this pattern of constant improvement, just as in 
the computer industry. A global commitment toa 
massive shift toward renewable energy will greatly 
accelerate this trend. 


TURBINES: THE WAY MOST ELECTRICITY IS CREATED TODAY 


Most of the electricity we use is produced by turbines. The power station converts a primary energy source—such as coal, 
natural gas, or uranium—into heat. The heat turns water into steam, which spins the blades of a turbine. The blades of 

the turbine power a generator to produce electricity, which can then be transmitted into homes and businesses for every- 
day use. (Hydropower uses falling water to turn the blades of aturbine. A windmill is a turbine, converting the wind into 


motion. The blades of a windmill are really the blades of a turbine.) 
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HOW A TURBINE WORKS 


Inatypical generator, steam, gas, water, or wind spins turbine blades. The turbine then spins a shaft that is connected toa 
cylinder of insulated wire coils inside magnets or to magnets inside of wire coils. Either way, the magnets and coils spin in 
relation to each other. In the design shown here, the coils spin inside two opposite poles of a magnet. 

Each section of the generator’s wire, when spun in the magnetic field, becomes a small electromagnetic conductor; 


together, they create one large current. The current is sent to a transformer, which converts the electricity into a form 


that can be transmitted over high-voltage lines. 
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HOW A GENERATOR WORKS 


When a conductive wire, such as one made of copper, spins inside a magnetic field, its negatively charged electrons are 
thrown out of their orbits and can move from one atom’s orbit to that of another. The movement of these “free” electrons is 


an electric charge; when many coils are spun quickly, they produce a continuous current of electric charge, or electricity. 


BOLIC MIRRORS CONCENTRATE TH 
ONE OF SEVERAL SOLAR 


Electricity can be produced from sunlight in two main ways—by producing 
heat that powers an electricity generator or by converting sunlight directly to 


electricity using solar cells. 


The first approach, known as concentrated solar thermal (CST), uses sunlight 


to heat liquids that are used to power electricity generators. This requires using 


mirrors to concentrate sunlight. 


There are several ways to do this. Some CST plants use curved mirrors (called 


parabolic trough mirrors) that track the movement of the sun across the sky and 


focus sunlight on a pipe, heating water or other liquid. Other designs use long 


rows of nearly flat, rotating mirrors to accomplish basically the same result with 


lower-cost materials. 


Another innovative and visually exciting 
design uses a large array of flat sun-tracking mirrors 
spread out in asemicircle around a centrally located 
“Power Tower.” This structure supports a large 
container of liquid heated to very high tempera- 
tures by the solar energy focused by all the mirrors 
simultaneously. As in the other designs, the heat 
collected is then used to boil water and produce 
steam for electric turbines. Most experts believe 
this technology involves higher risk—but poten- 
tially provides a higher reward—than the first two 
designs. Among other things, the higher temper- 
atures make it easier to store heat energy for lon- 
ger periods when sunlight is not available. It is not 
clear, however, that there is a cost advantage to the 
Power Tower approach. 

Yet another design for producing thermal solar 
electricity utilizes a high-efficiency Stirling engine 
suspended in front of each parabolic mirror. The 
intense heat from the concentrated sunlight drives 
the engine, which is connected to a small electric- 
ity generator. While this is an innovative approach, 


most experts believe it will continue to be more 
expensive than other forms of CST, because it costs 
more money to build a separate Stirling engine for 
each array of mirrors. 

Regardless of which design is chosen, CST 
plants are large, utility-scale installations that 
require substantial capital investments. Because 
they use steel, glass, and concrete—and do not 
require any precious or rare materials—they are 
usually not vulnerable to strategic bottlenecks in 
the supply of materials needed to scale up their 
size. As a result, CST plants could be used immedi- 
ately to provide larger amounts of electricity. 

These plants are connected to the existing 
transmission and distribution grids. However, this 
technology is most efficient in areas with the most 
direct sunlight, and the desert areas that qualify 
are far away from the population centers where 
most of the electricity is needed. Asa result, full 
utilization of this potential will require the build- 
ing of new high-technology transmission lines 
that connect to a smart grid distribution system. 
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AT THE POWER TOWER NEAR SEVILLE, SPAIN, 
MIRRORS FOCUS THE SUN’S ENERGY ON THE 
300-FOOT STRUCTURE, HEATING WATER INTO 
STEAM THAT TURNS AN ELECTRIC TURBINE. 


In addition, some designs for CST require almost as 
much water as do conventional fossil fuel generat- 
ing plants, although the industry is moving toward 
other designs that require far less water. 

The second way to produce electricity from 
sunlight is by using solar cells made of materials 
with special properties to convert the energy of the 
photons in the sunlight directly into electricity. 
No steam turbines are involved. 

These photovoltaic (PV) cells are semiconduc- 
tor devices like transistors. The energy in the 
photons of sunlight frees electrons from atoms in 
the PV cells so they can flow out of the cell as an 
electrical current. 

Until recently, most experts have assumed 
that photovoltaic electricity was likely to remain 
somewhat more expensive than the electricity 
produced through concentrated solar thermal. 
However, continuing improvements in the effi- 
ciency of all forms of photovoltaics have led some 
experts to conclude that we are at or near a thresh- 
old beyond which photovoltaics will actually have 
a cost advantage over CST. Moreover, if the cost- 
reduction curve continues to drive the cost of 
photovoltaics down at the same rate, they may 
soon have a cost advantage over electricity gener- 
ated by fossil fuels. 

That is not to say that concentrated solar ther- 
mal will not have a robust future even if the cost of 
photovoltaics continues to come down sharply. In 
fact, the ability to construct CST installations out 
of readily available commodity materials and link 
them to the transmission and distribution grid will 
make them an attractive option in many areas— 
especially areas with high sunlight or areas that 
connect to high-efficiency transmission lines. 

Advanced PV cells can benefit from an innova- 


tion-and-cost-reduction curve similar to—though 


not as powerful as—the phenomenon known as 
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Moore’s Law, which has regularly produced sharp 
reductions every 18 to 24 months in the cost of 
computer chips. By contrast, CST plants utilize 
materials that are commodities and, as a result, 
they will almost certainly not come down in their 
cost as rapidly as photovoltaics. 

Moreover, solar PV cells also appear to benefit 
much more than CST from economies of scale 
in their production. Thus far, each doubling of 
the cumulative production volume has produced 
a 20 percent cost reduction. And they are not as 
dependent for efficient performance on high, 
direct sunlight in the same way CSTis. 


In addition, PV cells can be deployed ina dis- 
tributed manner. That is, small installations are 
just as efficient as a utility-scale deployment. For 
example, PV can be deployed on rooftops, while 
CST obviously cannot. PV will eventually be com- 
petitive in many areas of the world—including 
virtually all of the United States—while CST will 
probably be feasible only in areas with high levels 
of direct sunlight. 

The use of “net metering,” which allows home- 
owners and business owners to install photovoltaic 
cells on their rooftops and sell electricity back into 
the grid at times when they don’t need it, will also 


HOW CONCENTRATED SOLAR THERMAL POWER WORKS 


At concentrated solar thermal (CST) plants, solar energy is concentrated by mirrors, which focus the sun’s rays on a pipe 


filled with a synthetic oil called Therminol or water, heating it to several hundred degrees Fahrenheit. The liquid is pumped 


though the entire system, and a heat exchanger uses that heat energy to generate steam, which turns an electricity- 


generating turbine. 
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provide powerful incentives for the rapid spread 
of photovoltaics. 

More than 90 percent of the photovoltaic 
cells currently in use are made from silicon. First- 
generation photovoltaic cells require the process- 
ing and transformation of silicon into one of two 
forms, either single-crystal polysilicon (many small 
crystals) or amorphous silicon. 

Recent increases in the demand for solar elec- 
tricity have led to a dramatic expansion of the 
world’s capacity for making silicon-based photo- 
voltaic cells and have subsequently driven prices 
down. Because silicon is the second most abundant 


substance in the crust of the earth (after oxygen), 
there is no shortage of raw material. Moreover, 

as the cost has come down, demand has increased 
further, leading to a “virtuous cycle” of cost 
efficiency. Until recently, PV electricity was still 
more expensive than that made by concentrated 
solar thermal plants, but this situation is now 
changing rapidly as new forms of photovoltaic 
energy are developed. 

Single-crystal silicon cells are coming down 
in cost and are steadily being made more efficient. 
These cells still require the use of relatively expen- 
sive glass with metal frames, and that has led 


HOW PHOTOVOLTAIC POWER WORKS 


Solar photovoltaic (PV) cells make electricity directly, without a turbine. When sunlight hits the panel, usually made of 


semiconducting silicon, the photons in the sunlight free electrons from the atoms in the photovoltaic material so they can 


flow out of the cell as an electrical current. When the electrons are forced to move in one direction, they become electric 


current. An inverter is needed to convert the direct current into the alternating current we use in our homes. 
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scientists to explore the use of innovative, cost- 
saving materials and designs. 

New types of “thin film” cells are cheaper to 
manufacture and install, although at present the 
efficiency with which they convert photons to 
electrons is less than that of the single-crystal sil- 
icon cells. The most common materials for these 
thin-film cells are amorphous silicon; a cadmium- 
and-tellurium combination; and a combination of 
copper, indium, gallium, and selenium. 

The trade-off between first-generation sili- 
con cells and the newer thin-film cells is between 
higher cost/higher efficiency and lower cost/ 
lower efficiency. Even so, both types are com- 
ing down in cost while increasing in efficiency 
(although progress has been greater of late with 
thin-film cells). 

The emergence of a new generation of photo- 
voltaic cells currently sparks the greatest excite- 
ment among researchers and engineers. New 
molecular structures made possible by newly 
developed chemical processes and fabrication tech- 
nologies offer the promise of much higher levels of 
efficiency at much lower cost. These cells may use 
sophisticated nanotechnology to achieve dramatic 
increases in efficiency by capturing and using more 
photons and displacing more electrons. They may 
also be able to avoid some costly features of the cur- 
rent generation of cells. Since photovoltaic cells 
are relatively expensive to manufacture, it may be 
possible to cut costs by using inexpensive lenses or 
mirrors to concentrate sunlight on a small, highly 
efficient but expensive cell. Indeed, some next- 
generation cells can actually use nanostructures to 
perform the concentrating task within the surface 
of the cell itself. 

However, some designs for new-generation 
PV thin-film cells may require the use of precious 
materials that are not abundant (selenium, for 


example), raising the possibility of periodic supply 
bottlenecks and potentially higher costs if those 
designs are manufactured in high volumes. 

Unlike fossil fuel or nuclear plants, solar 
electric plants can produce a constant electrical 
current only when the sun is shining. Even though 
the fuel—sunlight—is free, there is obviously 
no sunshine at night, and passing clouds during 
the day affect the flows of solar electricity. This 
so-called intermittency problem requires utilities 
to think differently about the role played by 
solar electricity. 

One offsetting advantage of solar electric 
plants is that they generate their peak output when 
the sun is hottest. Happily, this coincides with the 
normal peak demand for electricity, which is usu- 
ally driven by peak air-conditioning usage. 

CST plants contribute another partial solution 
to the intermittency problem: the heat collected in 
the liquid tanks can be stored efficiently (usually 
in molten salt) when clouds block the sunlight. At 
present, heat can be stored for about one hour, but 
soon for five to six hours. One Power Tower design 
is expected to store heat for 15 hours! Since PV cells 
do not generate heat in the production of electric- 
ity, they cannot use thermal storage. Most photo- 
voltaic plants have gas-fired generators on standby 
to solve their intermittency problem. 

Another partial solution to the intermittency 
problem is the completion of a unified national 
smart grid, because when it is spread out overa 
large geographic area, the intermittency challenges 
in one location will usually be offset by the avail- 
ability of sunlight elsewhere. 

The ability of the electricity grid to integrate 
intermittent flows of electricity is a manageable 
challenge so long as the overall percentage of 
intermittent sources does not exceed roughly 
20 percent of the total. Beyond that, however, 
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the challenge becomes considerably more difficult. 
One innovative solution involves a side benefit of 
shifting the auto fleet to plug-in hybrid electric 
vehicles (PHEVs) and all-electric vehicles (EVs), 
because these millions of PHEVs and EVs can serve 
as a widely distributed battery. Other emerging 
forms of electric energy storage can also smooth 
out the intermittent flows of electricity. 


SPACE-BASED SOLAR POWER 


There is an exotic proposal for space-based solar 
energy that has been discussed and debated for 
decades. In space, there is no intermittency problem, 
and solar energy is stronger. Sunlight that hits rooftop 
solar panels in North America carries around 125 to 
375 watts per square meter, delivering about one 
kilowatt-hour of electricity a day. In theory, it is possible 
to put into orbit a large array of photovoltaic cells ona 
geostationary satellite 22,300 miles above the earth, 
where solar radiation is more than eight times stronger. 

Scientists propose placing several satellites ina 
kilometer-wide fixed orbit. Each satellite would use 
reflector arrays collecting constant sunlight and direct- 
ing it onto photovoltaic cells. A single photovoltaic array 
in space could collect six to eight times the daily power 
collection as one on Earth, and the orbit could support 
thousands of arrays. 

The satellites would beam the power back to ground 
receivers through microwave frequencies. Advocates 
say the beams would be a highly efficient system for 
moving power and insist these beams pose no threat to 
humans, birds, and other life-forms. However, there is 
still great skepticism about the public's acceptance of 
beams from space and any system requiring multiple 
rocket launches as part of its installation. 


Large panels would focus the sun’s energy on PV panels. 
The electricity generated would be transmitted to collecting 


facilities on Earth via microwaves. 


Today, all forms of solar electricity are still 
priced higher than electricity from the burning of 
coal or gas, largely because the enormous costs asso- 
ciated with greenhouse gas pollution are excluded 
from calculations of the true value of electric- 
ity from those latter sources. Innovations in solar 
energy are quickly driving costs down, however. 
Many experts predict that we are only a few years 
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away from being able to produce PV electricity at 
rates competitive with the current cost of coal-fired 
generators. At present, however, the higher cost 
of solar electricity means that financing for these 
technologies depends upon government policies 
to compensate for the artificial difference in cost 
between solar electricity and fossil fuel electricity. 

In many countries—especially in the United 
States—government policies have been fickle, 
following a frustrating stop-and-go pattern of 
development that has periodically dried up the cap- 
ital needed for the industry to stay ona consistent 
development pathway. 

For example, nine early CST plants were built 
between 1984 and 1991 in the Mojave Desert 
of Southern California (with a total of two million 
square meters of mirrors) and have operated 
continuously and very successfully for a quarter- 
century. Although none of these store energy, they 
utilize gas-fired generators to produce electricity 
during periods when clouds are a problem. Their 
proven track record has encouraged many to 
believe that similar plants employing newly 
available improvements to the basic technology 
could be built quickly to provide large amounts 
of electricity. However, in the period after these 
plants were built, market conditions and changes 
in government policy led to the drying up of the 
capital needed to build additional plants. 

In general, there have been two primary 
reasons for erratic shifts in U.S. energy policy: 
the roller-coaster pattern of world oil prices and 
the periodic change in political control of the 
White House and Congress. Whenever oil prices 
reach a peak, there isa surge of public support for 
alternative sources of energy. But when oil prices 
come back down again, that support has tended 
to dissipate fairly quickly. As for the second 
factor, oil and coal companies, as well as coal- 


burning utilities, have worked hard to build oppo- 
sition to solar electricity in both of America’s 
political parties. 

Nevertheless, within the past decade, new and 
improved CST plants have been built in Arizona 
and Nevada, and many more are now under devel- 
opment and/or construction in the American West 
and in numerous other countries. The recent estab- 
lishment by the U.S. government of new incentives 
for solar electricity—and new laws in California 
and several other states requiring utilities to obtain 
a certain percentage of their electricity from 
renewable sources—has led to a resurgence in the 
construction of new solar electricity plants. For 
example, Florida Power and Light recently began 
construction ofa utility-scale photovoltaic plant to 
produce electricity for its customers. 

In some other countries—Spain and Germany, 
for example—innovative government policies 
have stimulated demand for and dramatically 
expanded the use of solar electricity technology. 
China and Taiwan have made major commitments 
to become the world’s leaders in the production 
of photovoltaics. By contrast, even though photo- 
voltaics were developed in the United States, only 
one of the 10 leading manufacturers is now based 
in the United States. 

New, more robust and consistent government 
policies are necessary in the U.S. and elsewhere to 
accelerate the development of markets for solar 
electricity and to create millions of new jobs in this 
21st century industry. 

Once the world chooses to set ambitious goals 
for scaling up solar electricity development and 
commits to the investments necessary to further 
improve the technologies involved, there is no 
question that solar energy will provide a major 
percentage of the world’s electricity. 


DESIGNING FOR THE SUN: PASSIVE SOLAR HOMES 


There are other valuable forms of solar energy that 
do not produce electricity. So-called passive solar 
energy can play a significant role in reducing energy 
consumption in homes and commercial buildings. 
(Approximately 40 percent of all U.S. greenhouse gas 
emissions come from buildings’ energy use.) 

Passive solar structures take advantage of sunlight 
as a direct source of heat. Designs rely on the physics of 
how heat moves, so that buildings themselves become 
solar collectors, heat absorbers, and heat distribu- 
tion systems. Heat absorption is maximized in winter 
and minimized in summer. Houses are oriented so that 
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windows face the sun's path, with overhangs angled to 
let more of the sun’s energy in during winter, and keep 
it out during summer. Thermal mass—such as stone 
walls—absorbs and stores solar heat; proper ventila- 
tion allows heat to circulate within the building; and 
walls and windows are insulated to prevent heat (or 
cool air) from leaking out. Solar hot-water heaters on 
the roof also utilize the sun to reduce energy use. 
Passive solar design can greatly lower a building's 
energy requirements. Combined with solar PV panets or 
other technologies, the result can be a “net zero energy” 
building, requiring no outside power. 
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Wind is actually another form of the sun’s energy. Because some parts of our 
planet receive more direct sunlight than others—the tropics, for example, 


obviously get more than the polar regions—the resulting difference in air 


temperature creates large planetary flows of wind. In addition, air above land 


heats up faster during the day and cools more quickly at night than does the 


air above the ocean. The differing surface characteristics of the land itself 


also affect the heating and cooling of the air above it. Mountains have an impact 


on the altitude—and thus the temperature—of air. Deserts are hotter during 


the day and cooler during the night, while forests don’t heat up as much during 


the day or cool down as much at night. Whenever air near the surface is hot, it 


expands and rises, creating a pressure vacuum into which cooler air rushes. 


That’s the wind. 


The permanence of geographical features— 
oceans and continents, mountains and the passes 
between them, hills and valleys, deserts and 
forests—make most wind patterns predictable. 
If air were as visible as water, we could see “lakes” 
of air where the wind is quiet, flowing “streams” 
where it blows gently, and raging “rivers” in those 
places where winds average more than the 15 miles 
per hour necessary for efficient production of elec- 
tricity. That last is where the windmills are sited. 

Overall, the earth’s wind resource is so large 
that it could technically provide five times the 
total energy consumed by the entire world from 
all sources. The amount of wind power available 
in the United States could technically provide 
10 times the amount of electricity the country 
consumes annually. 

In each of the past two years, wind power has 
been the greatest source of increased electricity- 
generating capacity in the United States. Not 
only is it the fastest-growing source of renewable 


electricity, it is the fastest-growing source of any 
form of energy, surpassing the net additional 
capacity from coal-fired, gas-fired, and nuclear 
power plants combined. In fact, in 2008, the 
United States led the world in the installation of 
new wind capacity. 

In terms of the total volume of electricity 
already being produced from wind, the United 
States is in first place. Germany, with a much 
smaller population, is a close second. Spain, with 
a population half that of Germany, has more than 
two thirds of Germany’s wind capacity. China is 
fourth in overall installed wind capacity, but 
second only to the United States in new capacity 
added in 2008, and is expected to climb to second 
place overall in 2010. India is in fifth place in 
installed capacity, but third in the number of new 
windmills added in 2008. 

Denmark, the leader among all nations in the 
share of its overall energy received from wind, now 
gets more than 21 percent of its electricity from 


80 OUR CHOICE 


windmills. (Denmark’s first modern commercial- 
scale windmill, by the way, was built after World 
War II with assistance from the Marshall Plan.) 
Germany and Spain both get more than 5 percent 
of their power from wind, and some regions get 
significantly more. 

The widespread availability of the wind 
resource is one of the main reasons it has become 
the most popular new source of electricity in the 
world. For the time being, wind power also has the 
lowest cost of any form of renewable energy other 
than geothermal. Even though other sources— 
particularly solar photovoltaics—will come 


GLOBAL WIND ENERGY PRODUCTION 
Wind energy is experiencing rapid growth and now totals 
more than 120,000 megawatts worldwide. In 2008 the 
United States added 8,500 megawatts of wind power, a 


50 percent increase in a single year. 
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down in cost very rapidly over the next few 
years, wind power is already a mature technology 
and competitive even without additional break- 
throughs. As the world moves toward putting a 
price on carbon to establish a more realistic valu- 
ation of fossil fuel-generated electricity, wind is 
positioned to continue its rapid growth as a major 
source of electricity for the world. 

Most windmills today have a similar appear- 
ance, with three large blades mounted on top ofa 
tall tower. The typical commercial-size windmill 
has blades 89 to 147 feet (27 to 45 meters) long 
mounted atop a tower 147 to 344 feet (45 to 
105 meters tall). The most popular turbine engine 
produces on average 1.5 megawatts of electricity— 
enough to supply all of the electricity needed by 
4.00 average American homes. These large wind- 
mills are usually installed in clusters of dozens or 
hundreds in utility-scale “wind farms” connected 
to the transmission and distribution grid. 

The blades of modern windmills are designed 
according to a principle similar to the one used in 
airplane wings. The curved shape of the top of the 
blade causes the wind to speed up relative to its 
slower flow across the bottom. The resulting dif- 
ference in air pressure makes the blades turn with 
great force. The rotation of the blades spins a drive- 
shaft that turns an electric generator to produce 
electricity in much the same way that steam drives 
the blades of the much larger turbines in fossil fuel 
nuclear, and concentrated solar thermal plants. 

Over time, the construction of larger rotors 
and taller towers has improved efficiencies. The 
difficulty of transporting the largest blades on 
highways is one of the factors that have led to pre- 
dictions that we are at or near a practical limit in 


us 


the length of blades. However, many similar predic- 
tions in the past about limits on the size of blades 
have proved to be wrong. 


HOW A WIND TURBINE WORKS 


Most modern wind farms have towers with three blades on a horizontal axis. The rotor and electrical generator are at 
the top of the tower, and a computer-controlled motor points the blades into the wind. The curved shape of each blade 
increases wind velocity above it, which decreases air density. This low pressure (compared with the pressure along the 
bottom of the blade) creates aerodynamic lift, which pulls the blade, causing it to rotate. The rotation of the blades 


spins a driveshaft, which turns the electric generator, located directly behind the blades. 


HIGHER VELOCITY, 
LOWER AIR DENSITY = LIFT 
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TICAL WINDMILL 


Vertical-axis turbines are 
less efficient, but because 
they can collect wind in all 
directions and spin faster 
under slower winds, they 
have niche applications 
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Since towers, blades, and turbines cost money 
to transport over long distances, there is an emerg- 
ing cost advantage to building windmills in the 
country where they are used. Tens of thousands of 
new jobs have already been created in the United 
States in the manufacturing and installation of 
windmills. For example, Cardinal Fastener in 
Bedford Heights, Ohio, the company that made the 
giant bolts used in both the Golden Gate Bridge and 
the Statue of Liberty, now expects half of its reve- 
nue to come from making large bolts for new wind- 
mills. Many more such jobs are now in prospect. 

Among their other advantages, wind farms 
are scalable: when more electricity is needed for 
the marketplace, more windmills can be added. In 


fact, windmills can be built and installed within 
two months. (Modular designs have made assem- 
bly quick and easy.) This makes them more attrac- 
tive than many other sources of electricity that 
can take a decade or more to build. Maintenance 
costs are low, and experience shows that windmills 
are durable over a long period of time. Moreover, 
wind power—unlike many other technologies— 
does not require water, an increasingly important 
advantage in dry regions. Wind power uses less 
land than any other renewable-energy option, but 
it is the most visible on the horizon. 1am among 
those who believe windmills are usually a beautiful 
and appealing addition to the landscape, but there 
are some who don’t like their appearance and have 


ARE WINDMILLS A THREAT TO BIRDS? 


The fact that birds are sometimes killed by flying into 
the blades of windmills has created controversy 
over the siting of some new wind farms. 

The total number of bird deaths from windmills in 
the United States each year is only 0.5 percent of the 
number of birds killed by communications towers. It 
is 0.005 percent of the number killed by buildings in 
the United States and less than 0.03 percent of the 
number killed by housecats. (Statistically, this means 
that the average housecat in the United States kills 
approximately the same number of birds each year as 
does the average windmill) 

Moreover, the CO2 produced by fossil fuel power 
plants is one of the leading causes of global warming— 
which, according to one study, could contribute to the 
extinction of more than a quarter of all bird species in 
the world. Still, improvements in windmill design that 
would avoid further bird kills are desirable, and engi- 
neers are hard at work on the issue. 

Testing is under way on sensors capable of detect- 
ing the approach of large bird flocks in order to shut 
down operations as necessary. 
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mounted campaigns opposing new installations. 
On the other hand, enthusiasm for wind power 
should not be allowed to override truly legitimate 
objections to specific sites. For example, the pro- 
posed location of a large wind farm ina carbon- 
rich peat bog on the Shetland Islands would appear 
to negate the CO,-reducing benefits of that partic- 
ular project. 

While most windmills today are located on 
land, use of offshore wind is growing rapidly for 
several reasons. For one thing, there are usually 
fewer objections to the siting of windmills off- 
shore. Winds are generally stronger, more predict- 
able, and less turbulent over the ocean, because the 
surface is flat with few obstructions. Experience 
gained in construction of offshore oil-drilling 
platforms on continental shelves has created the 
expertise and confidence needed to build wind- 
mill platforms that rise from the ocean floor at a 
manageable cost. Indeed, some wind entrepre- 
neurs believe that many oil platforms are located 
in areas where it makes economic sense to actually 
place windmills on top of the oil platforms them- 
selves. Two companies, StatoilHydro in Norway 
and Siemens in Germany, announced in 2008 that 
they have begun work on a floating platform for 
offshore windmills that can be located in deeper 
waters and tethered by three anchor cables to the 
ocean bottom. 

In addition, transmission cables buried under 
the ocean bottom to carry the electricity to shore 
are relatively inexpensive—even if the plat- 
forms are tens or hundreds of miles from land. 
Denmark, Sweden, the United Kingdom, Ireland, 
the Netherlands, and China are all beginning to 
use offshore wind as an attractive source of renew- 
able, pollution-free electricity. Multiple projects 
are in the development stage in the United States, 
though none have yet begun to operate. 


At present, the world’s largest offshore wind 
farm is in the North Sea near Skegness, England. 
The Lynn and Inner Dowsing wind farm has 
54 huge windmills, each with blades more than 
175 feet long anda turbine that sits 265 feet above 
sea level. Together, these machines produce almost 
200 megawatts of electricity at peak generation. 
The United Kingdom is also constructing a much 
larger, 270-turbine, 1,000-megawatt offshore wind 
farm in the outer Thames Estuary, which will be 
the largest offshore installation in the world when 
it is completed in 2012. In early 2010, Denmark will 
start operating a 209-megawatt array. The Horns 
Rev 2 contains 91 turbines located between 19 and 
25 miles west of Denmark in the North Sea. 

The predictability and reliability of wind in cer- 
tain areas has led to the exploitation of this natural 
flow of energy since ancient times. Wind has been 
used as a source of energy at least since the inven- 
tion of sails more than 5,000 years ago. 

Most historians give Persia credit for invent- 
ing windmills in the first millennium. From there, 
the technology spread to China and later was taken 
to Europe by returning Crusaders. The technology 
was improved upon in the Netherlands and Great 
Britain and used to grind grain, pump water, and 
saw wood, among other purposes. Before the wide- 
spread use of underground coal reserves began in 
the early 17th century, there were hundreds of 
thousands of windmills in Europe and as many as 
500,000 in China. 

The widespread use of coal led to declining 
interest in windmills, even before the production 
of electricity as a source of power. However, wind- 
mills continued to be used in areas where fossil 
fuel was hard to come by. In the early 20th century, 
they were used to generate electricity in some rural 
areas not connected to large power plants by trans- 
mission lines. 


THE BOY WHO HARNESSED THE WIND 


William Kamkwamba salvaged his father's old bro- 
ken bicycle for a frame, took a rusted shock absorber 
for a shaft, a tractor fan for a rotor, and melted down 
PVC pipes from an old bathhouse for the blades. He 
scoured his town's scrap yard for ball bearings, finally 
finding the precious components in an old groundnut- 
grinding machine. With a nail through a maize-cob 
handle for a drill and bicycle spokes fashioned into a 
makeshift screwdriver, he turned these motley parts 
into a windmill, precariously set atop a ladder made 
of blue gum tree wood. When it was finished, the wind 
blew, the blades spun, and the then-14-year-old 
Malawian held a glowing electric bulb in his hand. 

William had been forced to abandon his secondary- 
school studies when his family could no longer pay his 
tuition: they had narrowly survived one of Malawi’s most 
severe famines. Heartbroken that his schooling had 
come to an early end, William followed his friends class 
notes: history, English, geography, and science. When 
he stumbled upon the English textbook Explaining 
Physics at the library one day, his independent study 
was infused with the passion of an inventor. A friend of 
William's father had a bicycle with a dynamo attached 
that powered a lightbulb when he pedaled. With this 
basic concept in mind—that the mechanical spinning 
coils of wire inside a magnetic field could create an 
electrical current—and the knowledge that electricity 
could bring an easier life to Wimbe, his hometown of 
about 60 families, he began to teach himself basic elec- 
trical engineering from the book's illustrations. 

Photographs of a windmill in another library book 
inspired him to start building. “We have enough wind 
in Malawi.” he said. “[| thought] maybe | can make one 
so that | can have electricity in my home.’ Soon after 
his first success with the lightbulb, William got to work 
to increase his machine's power, adding a car battery 
to store power, a circuit breaker made from nails and 
speaker magnets, and handmade light switches. He 
installed lightbulbs in every room in his home and 
two outside, then supplemented that power with solar 
panels on the roof. Now every home in Wimbe hasa 
solar panel and a battery to store power. 

William’s goals go beyond lighting. In a normal 
year, two thirds of Malawian households are unable to 
produce enough maize for their own use. In 2001 


William Kamkwamba stands atop one of the windmills he 


has built from salvaged parts in his village in Malawi. 


and 2002, the drought-prone country’s annual hungry 
season Stretched into a famine that starved many of its 
11 million inhabitants. William's newest windmills are 
meant to prevent his village from suffering. One pumps 
water to irrigate his family’s vegetable garden, and a 
solar-powered pump at the public well fills water tanks 
for all the people in Wimbe. 

In the years since he built his first windmill, in 2003, 
William has become a symbol of grassroots innovation 
in Africa. Through his book (The Boy Who Harnessed the 
Wind), his blog (williamkamkwamba.typepad.com), and 
appearances at conferences around the world, he has 
transmitted a message of hope and human potential 
through clean energy. And he has returned to school, at 
the African Leadership Academy near Johannesburg, 
where he studies so that one day he can start a com- 
pany that builds windmills in Africa. “People want tech- 
nology, but they cannot use it without electricity,” he 
said. “I’m planning to [bring] reliable electricity” 
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Modern interest in windmills for the produc- 
tion of electricity took off after the Mideast oil 
embargoes of 1973 and 1979 led to steep price hikes 
for fossil fuels. The resulting search for alternative 
sources of energy led immediately to wind. 

New policies were developed in many coun- 
_ tries, particularly in the U.S., where many of the 

key technologies now in use around the world were 
| first developed in response to incentives passed 
) under President Jimmy Carter. 

Early generations of electricity-producing 
windmills were often based on modified airplane 
propellers and were noisy, generating complaints 
from those who lived nearby. However, modern 
designs have all but eliminated noise complaints. 
Any noise from the new, highly efficient turbines is 

— difficult to hear. And noise from the turbulence cre- 
ated in the air has also been minimized to the point 
where complaints are now few and far between. 

Engineers have redesigned windmills to make 
them far more efficient. By using new, lighter- 
weight materials and better designs, they were able 
to start building the predecessors of today’s mod- 
ern windmills, all the while improving windmill 
efficiency. Larger blades and larger turbines were 
placed on taller towers to take advantage of stron- 
ger winds at higher altitudes. 

Within a few years after the Carter program 
began, 85 percent of the world’s wind energy was 
being used in the United States. Moreover, these 
and other policies promoting renewable energy— 
in combination with the impact of higher oil 
prices—led to a dramatic reduction in America’s 
dependence on imported oil. 

Unfortunately, the political transition from 
Jimmy Carter to Ronald Reagan in 1981 was accom- 
panied by an 80 percent reduction in renewable- 
energy programs, and the U.S. industry stopped 
moving forward. As oil prices fell, U.S. dependence 


on foreign oil once again began to grow rapidly. 
This unfortunate history illustrates one chal- 

lenge that wind energy has in common with solar a 

energy: it requires innovative and consistent poli- 

cies that can make up for the artificial advantage 

that subsidies and distorted cost-accounting cur- 

rently give to oil and coal. Those nations that have 


made the most rapid advances in wind power are 
those that have persistent, long-term policies 
designed to increase the market demand for renew- 
able energy and boost the incentives for manu fac- 
turing and production. 

The Clinton-Gore administration renewed 
incentives for wind (and solar and other renew- 
ables), but the change in control ofthe US. 


— 


Congress in the 1994 elections stopped the fund- 
ing once again. Several times, the tax credit that 
helped produce the initial expansion of wind power 
has been allowed to expire. And several times it 
has been renewed for a duration of only two years, 
which discourages the flow of investment needed 
to expand the use of wind-generated electricity. As 
a direct result, the United States has lost its early 
lead in wind technology. Even though the U.S. 
uses more windmills than any other nation, half 
of them are now purchased from foreign manu- 
facturers. More important, of the 10 leading wind- 
technology companies in the world, only one of 
them—General Electric—is now located in the 
United States. 

Fortunately, in the absence of consistent fed- 
eral policy, several states—including the early lead- 
ers, Texas and California—filled the policy vacuum 
with state incentives that encouraged develop- 
ment of this important industry. Texas—which 
most people associate with the production of 
energy from oil—is actually the leader in installed 
wind capacity, with more than twice as much as 
any other state. Iowa and California are second and 
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third, respectively. Minnesota, in fourth place, 
leads all states in the percentage of its overall 
electricity that comes from wind, with lowaa 


largest onshore wind farm is in Texas, west of 
Dallas. The Horse Hollow Wind Energy Center 
(owned by Florida Power and Light) has 421 giant 


close second. 

Twenty-two states now have more than 
100 megawatts of installed electricity production 
from windmills (enough to supply 30,000 homes), 
and more are being built every day. The world’s 


turbines delivering 735 megawatts of peak power. 
Even larger wind farms are presently under con- 
struction. Three states—Minnesota, Iowa, and 
Colorado—already get more than § percent of 
their electricity from windmills. 
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WIND RESOURCES IN THE UNITED STATES 

Just as water power, geothermal, and solar potential vary according to geography, the amount of energy we can harness 
from the wind is dependent on local conditions. The darkest green and blue areas indicate locations with wind speeds high 
and predictable enough to consistently generate power. However, until the United States builds a super grid, many of these 


areas remain too far from electricity transmission lines for the wind to be harnessable. 


SOURCE: American Wind Energy Association; National Renewable Energy Laboratory 
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With both wind and solar power, once the sys- 
tems are in place, the fuel is free. However, limita- 
tions on the use of wind power are similar in many 
respects to limitations on the use of solar power. 
Electricity can be produced only when the wind is 
blowing sufficiently to turn the blades of the wind- 
mill. If the wind stops blowing, the windmill stops 
generating electricity. 

Intermittency is a particular problem for both 
wind and photovoltaic energy because no heat is 
produced in either process, only electricity. And 
electricity—unlike heat energy—is still difficult 
to store efficiently. That will change with the con- 
struction ofa unified national smart grid and with 
the widespread use of plug-in hybrid electric vehi- 
cles, because a large fleet of PHEVs can serve as a 
widely distributed and highly efficient battery. 

Another limitation that wind electricity shares 
with solar electricity—particularly solar electricity 
produced by concentrated solar thermal plants—is 
that in both cases the best resources for sun and 
wind are generally found in areas distant from pop- 
ulation centers. As a result, new high-technology, 
long-distance transmission lines are needed to 
maximize the use of both resources. 

Electrical grids are currently designed in 
ways that make it difficult to integrate intermit- 
tent sources of electricity if they provide more 
than 20 percent of the total. But smart grids over 
larger areas will be able to exceed that percent- 
age. Moreover, the predictability of wind down- 
time makes unplanned outages much less of a risk, 
enabling wind-farm operators to lessen the impact 
of their downtime. When several wind farms uti- 
lize the same transmission lines, downtime in 
one farm can usually be covered by electricity 
from another. 

There is growing enthusiasm for smaller wind- 
mills that can provide electricity for homes, farms, 


and ranches. In the United States, there are an esti- 
mated 13 million homes that are suitable for these 
small windmills. Virtually all of them are in rural 
areas, because urban environments do not have 
wind patterns suitable for windmills. 

In this respect, wind power, like photovoltaic 
solar cells, is adaptable to what is called a “distrib- 
uted energy” approach, allowing those who use 
it to sharply reduce the electricity they purchase 
from utilities. However, because each windmill 
must have its own electric turbine, and because the 
cost for each kilowatt-hour of electricity increases 
as the windmill gets smaller, the expense of small 
windmills is likely to remain higher than the 
expense of home-scale solar photovoltaic cells 
especially as the cost of photovoltaic energy con- 
tinues to rapidly decline. 

The typical small windmill—from 35 to 
140 feet tall for the larger residential versions— 
produces enough electricity to pay for itself in six- 
plus years to 30 years. Continuing improvements 
in efficiency and reductions in cost will continue to 
shorten that payback period. Experts in renewable 
energy, however, caution that experience indicates 
that for all renewable sources of residential energy, 
the payback period must be only a few years before 
there is widespread consumer interest. Of course, 
any increases in the cost of electricity from utilities 
would also have the effect of shortening the pay- 
back period for small windmill-generated electric- 
ity and thus would encourage more widespread use 
of these systems. 

At present, 10,000 small windmills are being 
installed each year in the United States, and that 
number is rapidly increasing. Some experts believe 
that the market for small-scale windmills could 
be expanded significantly by optimizing them for 
lower wind speeds in appropriate locations. 
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Geothermal energy is potentially the largest—and presently the most 
misunderstood—source of energy in the United States and the world today. 
Unlike solar energy, which comes to the earth from the sun, geothermal energy 


comes from deep within the planet itself. 


Like solar energy and wind power, geothermal energy could—if properly 
developed—match all of the energy available from coal, oil, and gas combined. 


Indeed, the amount of geothermal energy potentially available is, in the words of 
U.S. Secretary of Energy Steven Chu, “effectively unlimited.” Yet even renewable- 


energy enthusiasts typically speak of “wind and solar” without including in their 


litany one of the most promising potential sources of all: geothermal. 


The amount of geothermal power available 
is so frequently underestimated primarily because 
its use as a source of electricity has long been 
associated with the few locations where hot water 
bubbles or spouts to the surface. In some of those 
places, heat-recovery systems that tap into steam 
or hot water reserves contained underground 
are used to drive turbines to generate electricity, 
and because our first experiences with geothermal 
electricity have been limited to these “hydrother- 
mal” sites, many people are still encumbered with 
the false impression that that’s all there is. 

In this respect, the common view of geother- 
mal power—except in the expert community—is 
similar to the view people had long ago of coal and 
oil, when the only supplies were the small amounts 
found exposed at the surface of the earth. Before 
the first underground coal mines were dug in the 
17th century, and before the first oil well was drilled 
in 1859, those who knew about coal and oil at all 
thought of both resources as finite novelties, useful 
only in those few locations where these resources 
were visible. 

However, when engineers developed new 


mining and drilling technologies to search for and 
access underground deposits of coal and oil, they 
began to find the vast reserves that quickly became 
the dominant energy sources of the last 150 years. 

In the same way, what we have long thought 
of as geothermal energy is only the tiniest fraction 
of what is actually accessible to us by using newer 
technologies to drill deep into the earth to tap into 
this enormous source of energy. 

The global geothermal resource base of stored 
thermal energy is very large. According to the U.N. 
World Energy Assessment report, the geothermal 
resource is roughly 280,000 times the annual 
consumption of primary energy in the world. In 
the United States alone, according to two other 
experts, Bruce Green and Gerald Nix, “the energy 
content of domestic geothermal resources to a 
depth of three kilometers [1.86 miles] is esti- 
mated to be three million quads—equivalent to a 
30,000-year supply of energy at our current rate 
for the United States.” The Massachusetts Institute 
of Technology, in a major assessment of geother- 
mal power in 2006, estimated that the “techni- 
cally extractable portion” of the U.S. geothermal 
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resource is “about 2,000 times the annual con- 
sumption of primary energy in the United States.” 
As a consequence, assuming appropriate improve- 
ments in technology over time, geothermal could 
provide a significant fraction of U.S. primary energy 
needs in a sustainable manner for electricity gener- 
ation and for the heating and cooling of buildings. 

Moreover, geothermal power has numerous 
advantages over any other form of energy. Unlike 
coal, oil, and gas, geothermal energy has virtually 
no CO, emissions. Geothermal plants are modular 
and scalable—and have the smallest environmental 
“footprint” on the surface. Like solar power, geo- 
thermal is available virtually everywhere on Earth: 
underneath developing countries as well as wealth- 
ier countries. But unlike solar and wind power, it is 
not intermittent. Once in place, a geothermal elec- 
tricity plant provides power 24 hours a day. 


THE EARTH’S HOT ZONES 


There are two kinds of geological areas where 
geothermal resources have traditionally been 
most easily located. First, the parts of the earth 
where the temperature beneath the surface gets 
hottest are usually located at the boundaries where 
tectonic plates come together and where active 
volcanoes are often found. Perhaps the best known 
example is the so-called Ring of Fire that marks the 
perimeter of the Pacific Ocean from the eastern 
coast of New Zealand northward to Samoa, then 
west through Papua New Guinea and Indonesia, 
and then north through the Philippines and Taiwan 
and along Japan, then east through the Aleutian 
Islands and south along the western coast of North 
America, Central America, and South America. 

The other category of hot spot—not related 
to tectonic-plate boundaries—is where the heat 
from the magma deep in the earth’s mantle finds 


The earth’s crust is hottest where tectonic plates meet, as in the “Ring of Fire” encircling the Pacific Ocean. There are also 


dozens of smaller hot spots around the globe, caused by volcanic activity, mantle plumes, and other geological events. 


SOURCE: National Oceanic and Atmospheric Administration; Jonathan T. Hagstrum, Earth and Planetary Science Letters 236, 2005 
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its way naturally to the surface. The bubbling hot 
springs and famous geysers (like Old Faithful at 
Yellowstone National Park) are produced by this 
second geological phenomenon. Scientists have 
located approximately 45 of these primary hot 
spots on the surface of the earth. What causes them 
is less well understood, but science is beginning 

to find intriguing explanations for the majority 


THE ORIGIN OF HOT SPOTS 


New discoveries strongly indicate that at least half 
of the earth’s primary hot spots may be the result 
of large asteroids colliding with the earth in ocean 
areas at points exactly on the other side of the world, 
180 degrees away. If you draw a straight line from 
Yellowstone through the center of the earth to the 
opposite side of the globe, you will find the Kerguelen 
Islands, 1,300 miles north of Antarctica and 2,600 
miles southeast of Africa. Evidence suggests an aster- 
oid struck here, in the Southern Ocean—leaving a hot 
spot on the ocean floor and transmitting shock waves 
that traveled through the earth, bouncing off the inside 
of the rocky mantle and reconverging on a focal point 
at the other side of the sphere. Continental drift has 
moved the hot spot created there over the last 15 mil- 
lion years or So to the exact location where Yellowstone 
is now found. During the same period, the Kerguelen 
Islands were formed by volcanic activity on the ocean 
floor at the point of the asteroid’s impact. 

Statisticians analyzing these antipodal pairs of 
hot spots are 99 percent confident that at least half 
of the Yellowstone category of hot spots are linked to 
hot spots on the ocean floor on the other side of the 
earth, which some evidence suggests were caused by 
“large-body impacts” from space. According to this the- 
ory, ancient asteroid strikes that hit continents did 
not have the same effect on the opposite side of the 
planet because the land mass buffered and shielded 
the shock waves, preventing them from propagating 
in the same way as ocean impacts. For those who are 


of them. (See “The Origin of Hot Spots,” below.) 
Conventional hydrothermal power was the 
initial form of geothermal power used to produce 
electricity—first in 1904 at a site near Larderello, 
Italy, that was interrupted during World War I 
and II. Even today, the Larderello field produces 
about 4.00 megawatts of baseload electricity. 
The technology for drilling into conventional 
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skeptical that such a newly recognized, and seemingly 
novel, theory could actually be responsible for these 
phenomena, it is worth remembering that the theory 
of continental drift and tectonic plates was not widely 
accepted by the scientific community until the 1960s. 


THE 22 GEOTHERMAL POWER PLANTS OF THE 
7 GEveERS:IN NORTHERN CALIFORNIA MAKE. UP 
, ' LARGEST GEOTHERMAL INSTALLATION IN . 
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hydrothermal sites is mature, and the cost of the 
electricity produced is generally competitive with 
other sources. As a result, hydrothermal electric- 
ity is generated at a utility scale, and new sites are 
continuously being brought online in both devel- 
oped and developing nations throughout the 
world. Today, the total global generating capacity 
from geothermal energy resources is about 10,000 
megawatts of electricity. 

For example, 60 percent of the average electric- 
ity used in California’s North Coast region (from 
the Golden Gate Bridge to the Oregon border) is 
provided by electric turbines powered by steam 
from hot springs in an area north of San Francisco 
known as The Geysers. The Geysers had a peak pro- 
duction of more than 2,000 megawatts in 1987, 
but now produce only half as much. There are actu- 
ally 22 separate sites that make up The Geysers. 
Taken together, they still constitute the largest 
such system in the world, but a new hydrothermal 
plant now proposed for Sarulla in North Sumatra, 
Indonesia, will dwarf each of the individual plants 
at The Geysers when it is completed. 

The best hydrothermal sites have a natural 
source of water underground, high temperatures, 
and permeable rocks through which the water cir- 
culates and absorbs heat. This heat energy is with- 
drawn either in the form of steam or very hot 
water. However, these sites require a lot of hot 
natural fluids at relatively shallow depths in rocks 
that are highly porous and permeable. And because 
some of the water is lost during the process, there 
is frequently a requirement to add additional vol- 
umes of water to maintain the initial productivity 
of the site. This is now under way in Northern 
California at The Geysers. 

Conventional hydrothermal plants are built 
according to one of three different designs. The 
steam can be taken directly through the turbine 


and then recondensed into water for recirculation. 
Very hot water can be depressurized and “flashed” 
into steam. Or the hot water can be put through 

a heat exchanger to transfer its heat to another 
liquid—like isopentane—that boils at a higher 
pressure, producing steam to run the turbine. 
Because more of the resource is available as hot 
water over a range of temperatures rather than 

as “dry steam,” the last of the three categories is 
believed to have the greatest potential for use, 
particularly for resources below 4.00°F. 

The new and growing excitement about geo- 
thermal electricity is based on new technologies 
that make it possible to exploit sites deep in the 
earth that have enormous amounts of heat but lack 
one or more of the characteristics found in hydro- 
thermal reservoirs. For example, many of these 
sites do not have water. 

Capturing energy from these new non- 
hydrothermal resources has led to new approaches. 
This new technology for making geothermal power 
is called enhanced (or engineered) geothermal sys- 
tems (EGS). By using new technology that exploits 
the advances in drilling and reservoir stimulation 
developed in part as a result of the frenzy of oil and 
gas exploration in the 20th century to create active 
reservoirs that emulate the properties of hydro- 
thermal systems, geologists and engineers believe 
they have found ways to produce extremely large 
sources of geothermal power from regions several 
miles deep in the crust of the earth. 

Instead of searching for conventional hydro- 
thermal sites, geologists look for areas where hot, 
dry rocks or hot rocks of lower permeability and 
porosity with minimal amounts of water or brine 
have temperatures in excess of 300°F to 400°F 
(150°C to 200°C) and are close enough to the sur- 
face to allow cost-efficient drilling. By pumping 
high-pressure water into these rocks, permeable 


HOW ENHANCED GEOTHERMAL SYSTEMS WORK 


In the new generation of geothermal power, wells are drilled several kilometers below the surface to reach hot, often dry, 
rock. Pressurized water is pumped down into the well, “enhancing” the site by cracking apart seams in the rock through 
which the added water can flow. The now-heated water is pumped back to the surface, where it is converted to steam to 


drive aturbine, generating electricity. 
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flow paths are created by opening existing sealed 
fractures. To extract energy, water is pumped from 
the surface down through injection wells into 

the fractured region and returned to the surface 

in production wells as steam or very hot water— 
either of which can be used as a source of energy 
to drive an electric turbine generator. These basic 
techniques for “hydrofracturing and stimulation” 
have long been used in the development of some 
oil and gas reserves. 

As the injected water circulates through the 
newly opened cracks in the fractured region, steam 
(or superheated liquid) is withdrawn from a second 
set of “production wells” located some distance 
away from the injection wells. In this process, the 
heat withdrawn from the fracture zone is produced 
in essentially the same way it is collected from 


conventional hydrothermal formations. Essentially, 
this involves adding the “hydro” to the “thermal” 
and then constantly recirculating the water to 
engineer a brand-new, highly productive geother- 
mal system. 

In some locations—particularly in the west- 
ern United States—special attention is being given 
by the industry to reducing loss of water during the 
operation of an EGS power plant. Based on early 
field tests at several EGS sites, around 5 percent 
of the water is lost to permeation (fracturing the 
rocks), but the industry’s goal is to reduce that per- 
centage to less than 1 percent. Some operators now 
claim to have reduced the loss to zero. 

Ironically, one of the alternative working 
fluids under consideration for use in EGS reservoirs 
is supercritical CO,. In this state, CO, has high, 
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liquidlike densities and low, gaslike viscosities that 
can make it more effective than water in transfer- 
ring the heat from the hot rocks in an EGS reservoir 
to the surface. Some of the circulating CO, would 
be “sequestered” inside the rock formation, but the 
amounts involved—even with a massive expansion 
of EGS—would be trivial in the context of what 
would be needed for full-scale carbon capture and 
sequestration to have a global impact. More impor- 
tant, EGS-generated electricity and heat could 
replace existing coal-, oil-, and gas-fired generation 


to remove their carbon footprint directly. 

The largest amount of stored thermal energy 
in the crust of the earth is found in rocks that do 
not have much natural permeability. The princi- 
pal challenge for EGS is to artificially create just 
the right amount of permeability to allow the flow 
of the injected water to transfer heat on an even, 
continuous basis. EGS projects need to ensure that 
there is enough connectivity created within the 
region being stimulated to permit the maximum 
heat to be withdrawn from each well without, in 


GEOTHERMAL RESOURCES IN THE UNITED STATES 


Enhanced geothermal systems (EGS) open the majority of regions in the United States to potential use as a power source. 


This map indicates where and at what depth the earth’s temperature exceeds 300°F—considered by many scientists to be 


the minimum temperature for cost-effective use of EGS to generate electricity. 


UNDERGROUND TEMPERATURE 
OF 300°F OR MORE 


MM 3.5 KM DEPTH 
[6.5 KM DEPTH 


Mi io KM DEPTH {% TEMPERATURES TOO COOL FOR EGS 


SOURCE: Massachusetts Institute of Technology, The Future of Geothermal Energy, 2006 


AT THE COOPER BASIN PROJECT IN SOUTH 
AUSTRALIA, WORKERS PREPARE TO DRILL 
NEARLY THREE MILES INTO THE EARTH TO 
TAP THE GEOTHERMAL HEAT. 
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the process, diminishing the lifetime of the reser- 
voir by cooling it off too quickly during the produc- 
tion of energy. 

As is true with enhanced oil recovery and car- 
bon capture and sequestration, the injection of 
pressurized water into rock formations deep in the 
ground can, under some conditions, produce minor 
microseismic events—which requires proper 


INSIDE THE EARTH 


Scientists believe the core of the earth is made prin- 
cipally of iron at temperatures comparable to those 

at the surface of the sun. Everywhere in the world, the 
crust of the earth constantly absorbs huge amounts of 
heat transmitted through convection and conduction 
outward from the white-hot center of the planet. 

The superheated solid iron core is 1,500 miles 
in diameter, about 70 percent as large as the moon. 
Scientists do not know with precision how hot this 
inner core really is, but estimates range from 7,800°F 
to 12,600°F. (Indeed, science doesn’t know from any 
experimental evidence that the core is solid iron; they 
infer that from the behavior of seismic waves pass- 
ing through it.) Surrounding this inner core is a molten 
metal (mostly iron) outer core with temperatures 
estimated to be 6,700°F to 7,800°F. The thickness of 
this outer core is approximately 1,400 miles, which 
means that the overall diameter of the inner and outer 
core combined is approximately 4,300 miles—the size 
of Mars. 

The next spherical shetl—1,800 miles thick—is 
the mantle, which extends to within 60 to 125 miles 
beneath the surface of the planet. The temperature of 
the mantle ranges from 6,700°F in the inner mantle to 
1,800°F for the outer mantle. The final layer is the rel- 
atively thin crust of the earth, which ranges from less 
than two miles thick at the bottom of the oceans to 
more than 60 miles thick below mountain ranges. The 
average depth under continents is less than 20 miles. 


assessment of seismic risks as part of the produc- 
tion process. Areas of high seismic risk where large 
faults and dangerous earthquakes are possible 
should be avoided, while risks at other sites must 
be measured and managed. For example, this risk 
can be controlled by reducing subsurface pressures 
if the monitoring picks up any heightened seismic 
activity. In any case, seismic risk assessment at 


CRUST 
59-1,800°F 


MANTLE 
1,800-6,700°F 


MOLTEN METAL 
OUTER CORE 
6,700-7,800°F 


INNER CORE 
7,800-12,600°F 


In addition to the convective and conductive heat 
coming from the mantle into the crust, the crust itself 
has its own independent source of heat: it contains sig- 
nificant amounts of uranium, thorium, potassium, and 
other radioactive elements that naturally give off heat 
as they decay. Measuring rock temperatures from the 
surface with a thermometer placed in a well, scien- 
tists find that beyond a depth of a few hundred feet, 
the temperature begins to increase steadily the deeper 
they go. Indeed, the amount of heat within the outer six 
miles of the earth’s crust is estimated to contain 50,000 
times as much energy as all of the petroleum and natu- 
ral gas reserves in the world. 
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THE WAIREKEL POWER STATION IN NEW ZEALAND 
was San 9 THE FIRST GEOTHERMAL PLANTS IN 
THE WORLD. TODAY IT CAN PRODUCE 181 MEGA- 
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specific sites is an integral part of any geother- 
mal project to evaluate the probability that larger 
induced events might occur. These precautions 
were not adequately taken a few years ago by a 
Swiss company that drilled into a known faulted 
region three miles below Basel, Switzerland, and 
triggered a magnitude 3.4 earthquake (still quite 
small) during pressurization. The event was char- 
acterized by an audible air shock wave with barely 
detectable ground motion and led to the project’s 
being shut down. Clearly there are lessons to be 
learned from this unfortunate experience, but they 
need to be taken in the proper context of dealing 
with early deployment of a new technology that 
carries some level of risk that must be understood 


and managed. 

Soon after the 1973 oil embargo, when the 
4 United States and several other nations began 
to search in earnest for alternative sources of 
energy, U.S. government scientists at Los Alamos 
launched the first EGS experiment at Fenton 
Hill, New Mexico. Since then, progress in research 


and development internationally has led to the 
steady maturation of this technology, to the point 
where most experts are highly confident that it 


will become a major new source of pollution-free 
_ baseload electricity. 

The major up-front expense with EGS is the 
cost of drilling. A single drill hole to a depth of 
three kilometers (10,000 feet) can cost $5 million 
or more, and the willingness of investors to con- 
tinue financing operations is sometimes dependent 
on signs of success with the initial drill hole. The 
current economics of EGS put a premium on find- 
ing hot rocks at regions between three and six kilo- 
| meters deep. This capital constraint pushes compa- 
nies to drill in higher-temperature gradient zones 
that have more potential for electricity with less 


risky and less costly drilling. 
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When advances in drill bits, drilling methods, 
pipe casings, and related technologies allow more 
economical drilling to depths of greater than six 
kilometers, the size of the geothermal resource will 
expand considerably yet again—and will help alle- 
viate financial pressure on the industry while mak- 
ing it progressively easier to utilize the geothermal 
resource in more and more areas. 

Although the basic technology of EGS has 
been demonstrated in several field experiments— 
and is creating enormous excitement among 
energy experts familiar with its potential— 
reservoir testing at a commercial scale remains 
as a major barrier that must be crossed before 


private investors will view large financial risks 

as acceptable. At a comparable stage in the oil busi- 
ness, many drillers went bankrupt for every one 
who developed a gusher. Yet the amount of money 
necessary to fully develop this exciting technol- 
ogy is trivial in the context of governmental energy 
R&D budgets. But because of the widespread mis- 
understanding of the potential for geothermal 
energy, the necessary R&D funding has been fre- 
quently cut to the bone, effectively slowing the 
development of this incredible potential energy 
source. Most recently, the Bush-Cheney admin- 
istration cut the budget for geothermal energy to 
zero and allowed the Production Tax Credit, which 
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had been driving a surge of private investment, 
to expire. 

The absence of a coherent, well-funded federal 
program for the development of geothermal 
electricity has, in turn, reinforced the general 
impression that this technology must not be 
very promising. Otherwise, we would be support- 
ing it. That is unfortunate, because energy experts 
who have examined the data on this incredible 
resource have argued forcefully for several years 
that the United States has been making a serious 
mistake by not developing geothermal energy at 
top speed. 

Advances are currently being sought not only 
in drilling technology but also in the exploration 
processes used to locate the best hot rock resources, 
in reservoir-stimulation techniques, and in improv- 
ing the efficiency of energy conversion. 

But the major study of EGS at M.LT. concluded, 
“Tt is important to emphasize that while further 
advances are needed, none of the known technical 
and economic barriers limiting widespread devel- 
opment of EGS as a domestic energy source are 
considered to be insurmountable.” 

Since 2008, both research-and-development 
funding and the geothermal tax credit have been 
belatedly renewed in the United States, and other 
obstacles to the development of this resource are 
being removed. This has led to expanded activity 
to deploy hydrothermal power plants as well as to 
develop EGS. For example, a small EGS demon- 
stration project is now under way at Desert Peak, 
Nevada. When completed, it will expand an exist- 
ing 11-megawatt hydrothermal facility into a 
50-megawatt EGS facility. Geothermal energy can 
also benefit greatly from the adoption of a national 
Renewable Portfolio Standard, which gives a pow- 
erful mandate to utilities to search for ways to use 
more low-polluting, renewable forms of energy. 


Scientists and engineers are also working on 
more cost-effective ways to derive energy from 
areas with lower rock temperatures. Since these hot 
rocks are found throughout the crust of the earth 
at varying depths, the size of the resource is truly 
enormous. If they can do so, the size of the resource 
will be greatly expanded. In fact, if EGS technol- 
ogy could be perfected to depths of six kilometers, 
then the entire United States would be available for 
geothermal power generation (see “Geothermal 
Resources in the United States,” page 103). 

Indeed, somewhat lower-temperature rocks 
(from less than 176°F to 248°F, or 80°C to 120°C) 
can be used for geothermal power applied to the 
heating of buildings directly without incurring the 
energy losses associated with conversion of heat 
into electricity. The United States installed the first 
geothermal district heating system in Boise, Idaho, 
over 100 years ago. Even today, the state capitol and 
many other buildings in Boise are heated with geo- 
thermal hot water. In Klamath Falls, Oregon, heat 
from geothermal wells has been used for direct 
space heating for more than a century. Similarly, 
since Iceland responded to the oil shocks of the 
1970s by converting to domestic resources, virtu- 
ally every building in the entire country is heated 
by the hot water resources close to the surface of 
that tectonically active land. 

While the United States was asleep at the 
switch, other nations began to aggressively 
research and develop EGS. The European Union 
has an EGS project under way in Soultz-sous- 
Foréts, France, near the border with Germany. 
Other projects are under way in Germany, 
Switzerland, the United Kingdom, the Czech 
Republic, and elsewhere. Government policy 
has been most supportive in Australia, where 
seven publicly traded companies are now actively 
pursuing and developing EGS opportunities. 
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The Philippines, El Salvador, and Costa Rica 
have all recently achieved the production of more 
than 15 percent of their electricity from geother- 
mal generation. So have Kenya and Iceland, both 
located in different tectonically active boundary 
zones. New Zealand, Indonesia, Nicaragua, and the 
Caribbean island of Guadeloupe all get between 
5 and 10 percent of their electricity from geother- 
mal generation. 

There are two other kinds of energy outputs 
being developed in the geothermal power industry. 
First, the “coproduction” of hot water from some 
oil and gas wells can profitably be converted to yet 
another source of electricity. In many cases, all of 
the heat energy contained in hot water coming out 
of oil and gas wells is now simply discarded, but the 
development by geothermal engineers of new heat 
exchangers and other techniques for transform- 
ing hot water from the earth into electricity have 
opened up the potential for oil and gas drillers to 
exploit what is essentially a free source of electric- 
ity as they drill. 

Second, deep reservoirs of high-pressure hot 
water sometimes contain dissolved methane 
that can be reclaimed as the hot water is produced, 
rather than venting the methane into the atmo- 
sphere. In the U.S., this resource is heavily concen- 
trated along the Gulf Coast, in the Appalachian 
Mountain region, and on the West Coast. 

Finally, there is yet another form of geother- 
mal energy that is quite different: geothermal 
heat pumps, sometimes called ground source heat 
pumps. Even though it is the weakest form of geo- 
thermal energy, it is the most easily accessible 
and could provide an estimated 1,000 gigawatts 
of energy in the United States alone—enough to 
provide energy equivalent to more than a third of 
America’s annual electricity use. 

Geothermal heat pumps provide a widely dis- 


tributed, highly economical way to sharply reduce 
the cost of heating and cooling buildings. While 
EGS depends upon drilling technologies developed 
for oil and gas, geothermal heat pumps make use 
of much more widely available drilling techniques 
commonly used to drill water wells. Anywhere 
from a dozen to a few hundred feet below the sur- 
face, the earth’s temperature averages approxi- 
mately 59°F (15°C). 

Mote precisely, the temperature at that 
depth is equivalent to the year-round average 
air temperature at the surface where the site is 
located. By circulating water or a freeze-resistant 
fluid through a ground source closed loop or to 
the bottom ofa geothermal well, and then pump- 
ing it back to the surface, thermal energy can be 
either extracted (during the winter) or deposited 
(during the summer). These geothermal heat 
pumps use conventional, refrigerant-based vapor- 
compression units to transfer heat at a rate four 
times more efficient than that of air-to-air heat 
pumps—thereby lessening the need for conven- 
tional electricity. 

It is much easier to raise the temperature from 
59°F to 68°F or 70°F than to start with the normal 
outdoor temperatures in most places in the tem- 
perate zones. In summer, the process is reversed 
to make the bottom of the geothermal heat pump 
asink and to lift the cooler temperatures for space 
cooling. Once again, it is far easier to cool the air if 
you have a readily available source of 59°F fluid. 

Geothermal heat pumps are usually integrated 
with traditional heating and air-conditioning 
equipment in homes. There are federal tax breaks 
(and some state tax benefits) for purchasing and 
using geothermal heat pumps. 

At present, the principal disadvantage of geo- 
thermal heat pumps is the capital cost involved in 
installing them. Since most builders and developers 


111 SOAKING UP GEQTHERMAL ENERGY 


pay less attention to the annual operating cost of 
the building after they have sold it or leased it 

to the first owner or tenant, they are less likely to 
make even marginally higher investments whose 
value will be recovered by those owning or using 
the building and who will pay the heating and cool- 
ing bills (see Chapter 15). 


The economics of geothermal heat pumps 

often produce savings of more than 60 percent 

in heating and cooling bills, which makes them 
economically attractive in every part of the 
United States—especially for new construction. 
Retrofitting old structures usually involves greater 
expense, but is often still economically attractive. 


GEOTHERMAL HOME HEATING AND COOLING 


A few years ago, my wife and | decided to install a new 
geothermal, or “ground source,” heat pump system for 
providing heating, cooling, and hot water to our house. 
There are a number of different types of home geo- 
thermal systems: some use water in open loops or 


closed loops; some use a refrigerant; some use a deeply 


drilled well. Newer systems are called direct exchange 
systems (DX) because they exchange the heat directly 
between the ground and a refrigerant fluid. As there 
is no water pump required, the DX system is generally 
more efficient, and DX systems are easier to accommo- 
date on smaller lots of land. At our house, a local 
company installed a DX system that circulates a non- 
hazardous refrigerant in copper tubing underground. 
The system was installed at a depth of up to 300 feet 
by boring holes underneath our driveway. 

Underground, the earth's naturally occurring 
heat is transferred to the colder refrigerant circulat- 
ing in the copper tubes. The refrigerant (in the form of 
a vapor when inside the underground tubes) is then 
compressed by an exchange unit in the basement. 
Compression raises the pressure and temperature. In 
winter, cooler inside air absorbs the heat, warming the 
house. In summer, the system is reversed. Heat energy 
from the warm interior is absorbed by the fluid, which 
circulates it underground and releases heat into the 
cooler ground. 

This geothermal system provides heating and cool- 
ing with almost no reliance on fossil fuels. But there are 
additional advantages. First, reducing the use of elec- 
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WINTER HEATING MODE 


SUMMER COOLING MODE 


The earth’s heat is transferred into the house in winter; 
in summer, the air’s heat is moved into the ground. 


tricity during peak hours helps lower utility costs and 
ultimately lowers consumer electric rates. Second, the 
system is silent, eliminating the whirring noise of an 
outdoor air-conditioning unit in summer. Finally, the 
air in the house is comfortable: warm in the winter and 
crisp, cool, and dehumidified in the summer. 
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Biomass energy is one of the most promising ways to reduce significant amounts 
of CO, from the burning of coal and natural gas. It is unfortunate that so many 


people think of biomass primarily as a way to displace oil as a source of liquid 


fuels for cars and trucks, because most expert studies have thrown cold water on 


the early enthusiasm for making alcohol fuels from food crops like corn. 


The good news is that nonfood sources of biomass can be burned directly 


with advanced combustion technologies to produce electricity and heat in ways 


that deliver large energy savings and reductions in global warming pollution. 


Moreover, a newer technology for creating liquid fuels from nonfood crops is 


close to commercialization. 


Biomass energy is, in theory, renewable. Since 
the carbon contained in plants comes ultimately 
from sunlight—through photosynthesis—any 
plant used for the production of energy can be 
replaced with another whose growth is also pow- 
ered by sunlight. 

In reality, however, the energy consumed in 
transforming the plant material into a usable form 
of power often comes from nonrenewable fossil 
fuels. The benefits often still outweigh the costs, 
but full “life cycle” analyses are necessary to accu- 
rately determine which approaches are truly bene- 
ficial in solving the climate crisis—and in achieving 
other desirable goals, such as reducing dependence 
on foreign oil, conserving water, and biodiversity. 

Biomass energy can be produced from a variety 
of feedstocks: virgin trees and forest waste; food 
crops (like corn and sugarcane); energy crops (like 
switchgrass, miscanthus, and sweet sorghum); and 
from municipal, agricultural, and industrial waste 
that includes organic materials. These biomass 
inputs can be used to produce electricity, thermal 
energy, and liquid fuels for transportation. 

In addition, the same processes used to produce 


liquid fuels from biomass inputs can also be mod- 
ified to produce biomaterials. Just as fossil fuels 
are used to produce precursors for plastics, chemi- 
cals, and other materials (roughly one fifth of each 
barrel of oil is used not for fuel but for materials), 
biorefineries are used to supply a growing market 
in bioplastics and molecules used for chemical pro- 
cessing, which often have higher profit margins 
than liquid biofuels. 

Excluding the burning of wood for heating and 
cooking in less-developed countries, more than 
90 percent of the biomass energy being produced 
in the world is used to make thermal energy for 
industrial processes and the space heating of build- 
ings, and to make electricity in steam-driven gener- 
ators and combined heat and power generators. 

However, most of the policy debates have 
focused on the production of ethanol and biodiesel 
fuels in an effort to develop economical substitutes 
for petroleum-based liquid fuels..In the United 
States, there has been sustained enthusiasm for 
ethanol made from corn that can displace some of 
the gasoline used in automobiles. 

The first generation technology now used to 
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convert corn, palm oil, soy, and other food crops 
into liquid fuels for vehicles has created enormous 
controversy because repeated life-cycle analyses 

of this process have led to the growing realization 
that it usually releases almost as much CO, into the 
atmosphere as does the production and use of the 
petroleum-based fuels being displaced. 

First generation ethanol has also been blamed 
for contributing to increased food prices around 
the world by diverting prime cropland from food 
production to fuel production. This diversion of 
food production capacity has also been blamed 
for stimulating the additional clearing of tropical 
and subtropical forests for the production of both 
food and fuel from biomass in ways that threaten 
biodiversity and add yet more greenhouse gas 
pollution to the atmosphere. Finally, critics of 
this technology have also focused on the large 
amounts of water required in the process. 

Nevertheless, the drive for reduced dependence 
on global oil markets and the support by farmers 
and agribusiness for more ethanol production have 
combined to stimulate rapid growth in these first 
generation ethanol and biodiesel technologies. 

In order to make intelligent policy choices about 
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biomass as a source of renewable energy, we should 
first of all take steps to ensure that biomass feed- 
stocks are produced ina truly sustainable manner: 

> The harvesting of biomass should not cause the 
destruction of virgin forests and the habitat for bio- 
diversity they provide. 

>» CO, emissions should be minimized in the 
growing of biomass. 

> Plants other than food crops should be used— 
in order to avoid upward pressure on food prices 
and additional land clearing. 

> Water use should be sustainable—in terms of 
both quantity and quality. 

> Soil fertility should be preserved and, where 
possible, enhanced. 

> The social and economic well-being of stake- 
holders in the process should be respected and, 
where possible, improved. 

After ensuring that biomass feedstocks are 
produced and supplied in a sustainable way, 
policy makers should then ensure that the tech- 
nologies chosen to aggregate, transport, and 
convert these feedstocks into energy, biofuels, 
and biomaterials are environmentally, economi- 
cally, and socially sustainable. 


li? GROWING FUEL 


The production of ethanol in first generation 
biorefineries has been a disappointment. However, 
it has had the benefit of increasing income for 
farmers and has led to the emergence of an infra- 
structure that will prove highly valuable when 
second generation technologies are available to 
produce ethanol from nonfood crops. 

I feel the disappointment personally because, 
as vice president of the United States in 1994, I cast 
the tiebreaking vote in favor of moving forward 
with a large national commitment to ethanol. In 
1978, as a young congressman from a farming dis- 
trict in Middle Tennessee, I organized and hosted a 
daylong workshop on what was then called “gaso- 
hol” for 5,000 constituents, mostly farmers, eager 
to be a part of the national effort then under way to 
reduce our dependence on foreign oil. Throughout 
my 16 years in the House of Representatives and 
the U.S. Senate, I was a persistent advocate of help- 
ing farmers to earn income from the production of 
alcohol fuels for cars and trucks. 

By the mid-1990s, however, there were already 
ample warnings that the energy and CO, bal- 
ances for first generation ethanol were not nearly 
as favorable as I would have liked them to be. But 
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my political desire to help the farm economy (in 
Tennessee and Iowa, for example), coupled with 
my optimism that improvements in the efficiency 
with which the crop feedstocks were grown and 
processed, partly accounted for my desire to go 
forward with the large-scale development of the 
technology. Indeed, with no-till farming and even 
newer “precision farming” techniques to reduce 
water, fuel, and fertilizer use, the fossil fuel inputs 
for the growing and harvesting of these feedstocks 
can be reduced to the point where the life-cycle 
CO, and energy balances are mildly favorable. In 
practice, however, the results over the last several 
years have convinced many analysts that producing 
first generation ethanol from corn is a mistake. 
Fast-growing sugarcane in Brazil, with its abun- 
dant sunlight and rainfall and cheaper labor and 
conversion costs, is far more efficient and—for 
the most part—more environmentally responsible, 
with roughly one third the greenhouse gas emis- 
sions of U.S. corn-based ethanol. Brazil began 
its National Alcohol Program in 1975, after the 
oil embargo in late 1973. Sugarcane uses far less 
petroleum-intensive fertilizer because it is a peren- 
nial crop; it produces much more biomass per acre 


than corn; the waste from the sugarcane plants 
(bagasse) is used as a fuel in the production process; 
and the leading Brazilian ethanol companies use 
a closed water cycle and pay close attention to 
following responsible environmental and labor 
practices. Moreover, the sugarcane growing areas, 
currently less than 2 percent of Brazil’s arable land, 
are far from the Amazon and have not caused sig- 
nificant direct or indirect encroachment into the 
rain forest. In 2003, Brazil began to manufacture 
and sell flexible-fuel vehicles, and in 2005 it began 
to sell large volumes of ethanol into foreign mar- 
kets. Unfortunately, studies have shown that, for 
a variety of reasons (including climate), sugarcane 
ethanol made in the U.S. is not competitive with 
ethanol made in Brazil. As well, high U.S. tariffs 
sharply limit the importation of Brazilian ethanol. 

Where corn is concerned, even with the dra- 
matic growth in yields per acre made possible by 
hybridization and, more recently, the insertion of 
new genetic traits, corn yields approximately 
400 gallons of ethanol per acre, compared with 
650 gallons per acre from sugarcane, according 
to experts from North Carolina State University. 
Moreover, because corn yields so much less energy 
per acre than sugarcane, corn supplies typically 
must be located no more than 50 miles from the 
refinery in order to keep feedstock transportation 
costs within profitable boundaries. And since the 
refined product—ethanol—cannot be shipped 
through existing pipeline networks, the distribu- 
tion of the liquid fuel to wholesalers also relies on 
heavy trucks. 

The emissions from automobiles running on 
ethanol—whether made from corn, sugarcane, 
or some other crop—are significantly lower than 
from those running on gasoline. But the balance 
shifts when all of the fossil-based energy used in 
growing and harvesting the plants, then refining 
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and transporting the ethanol, is included ina 
full analysis. 


emissions from corn-based ethanol turn out to be 
almost equal to the emissions from gasoline. 

Moreover, since the resulting ethanol con- 
tains only two thirds of the energy in a gallon of 
gasoline, vehicles using ethanol-blended fuel get 
reductions in the number of miles per gallon pro- 
portional to the ethanol content in the fuel. At 
present, approximately five billion gallons of eth- 
anol are blended into nearly half of the 140 billion 
gallons of gasoline used each year in the United 
States—at a 10 percent or lower blend in most 
cases principally because of the U.S. Renewable 
Fuel Standard. 

Finally, there is also an upper limit to how large 
a role corn-based ethanol could play in the trans- 
portation fuels marketplace, even if it were pro- 
duced and used in a sustainable fashion. Scientific 
American published a study in 2009, finding, “There 
is simply not enough available farmland to provide 
more than about 10 percent of developed countries’ 
liquid fuel needs with first generation biofuels.” 
The Congressional Research Service found in a 
2007 study that even if the entire U.S. corn crop 
were completely devoted to the production of first 
generation ethanol, it would supply only 13.4 per- 
cent of current national gasoline usage. 

Nevertheless, in the late 1980s, the United 
States established an incentive program to encour- 
age automakers to manufacture cars and light 
trucks that are capable of burning blended fuels 
containing as much as 85 percent ethanol (E85). 
In return, the automakers are given credit from the 
government for higher gas mileage than they actu- 
ally achieve. Since it requires expenditures of only 
about $100 per vehicle to replace gaskets and fuel 
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lines with ones that are compatible with the more 
corrosive ethanol blends, the automakers can save 
money by avoiding the much larger investments 
necessary to actually increase the average mileage 
of the cars and light trucks they manufacture. 

However, more than a decade after the intro- 
duction of this incentive program, studies show 
that only 6 percent of the flexible-fuel vehicles use 
E85 fuel as their primary fuel. Part of the reason 
is that less than one half of 1 percent of U.S. vehi- 
cle fueling stations actually sell E85, with a slightly 
larger number selling biodiesel fuel. Moreover, the 
alternative fuel stations are largely clustered in the 
upper Midwest, where ethanol production is also 
highest. In many other parts of the United States, 
millions of people own flexible-fuel vehicles with- 
out even realizing it. Some notice the logo desig- 
nating their cars as E85 cars but search in vain for 
an E85 filling station near where they live. The 
principal benefit of this program has been to allow 
automobile manufacturers to evade requirements 
for higher mileage standards. 

Two other large factors have been responsible 
for the shift in expert opinion toward a negative 
conclusion on corn-based ethanol. First, the signifi- 
cant increase in world food prices during 2007-08 
was partly blamed on the diversion of cultivated 
land at the margins from the growing of food to 
the growing of crops for ethanol. Detailed studies 
later found that other causes—including the his- 
toric drought in Australia, which took a large per- 
centage of food grains off the world market—were 
responsible for the majority of the price increase. 
Most of the pressure on the world’s agricultural 
base comes from population growth and soaring 
demand for land-intensive animal protein as a 
result of rising incomes and changing diets in the 
developing world. But there is no doubt that fur- 
ther diversions of cropland from food to fuel will 


put upward pressure on food prices at a time when 
many impoverished regions of the world are facing 
growing concerns about food security. 

Moreover, public support for biofuels in 
developed countries usually peaks when oil prices 
are high, but because of the oil intensity of food 
production, these are the periods when food prices 
are also at their highest—particularly in develop- 
ing countries. We face repeated cycles of rising food 
and energy prices, with each cycle renewing the 
focus on the perceived conflict between food 
and biofuel. 

Second, the U.S. National Research Council 
found in 2008 that, on an average national basis, 
each gallon of corn ethanol requires four gallons 
of water at the refinery (compared with one and 
a half gallons of water for the refining of each gal- 
lon of gasoline) and 142 gallons on average for 
the growing of the corn—785 gallons in irrigated 
areas. Even though most of the U.S. corn crop is 
rain fed, expanded cultivation has pushed corn into 
areas that require such large amounts of irrigation 
that the average water use for corn has grown dra- 
matically. In addition, predictions of deeper and 
more frequent droughts in prime growing areas 
(a trend in mid-continent regions throughout the 
world long associated with global warming) have 
enhanced concerns about the future viability of 
such a water-intensive process. 

Some first generation ethanol plants have 
already been denied permits because of their 
requests to withdraw water from underground 
aquifers in volumes that were calculated by water- 
shed regulators to be unsustainable. Some plants in 
Minnesota and Wisconsin have faced public opposi- 
tion from citizens concerned about losing access to 
their well water. Other new biorefineries have also 
been proposed for areas that are currently drawing 
water from underground aquifers like the Ogallala 
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at completely unsustainable rates. 

First generation biodiesel—mostly made from 
soybeans in the U.S.—has larger net reductions 
in greenhouse gas emissions than corn ethanol, 
but it shares most of the other problems of first 
generation ethanol. In other parts of the world, 
the emerging markets for biodiesel have resulted 
in gross abuses to the environment, such as the 
clearing of peat forests in Indonesia and Malaysia 
for the growing of palm oil plantations. Indonesia 
has now become the third largest source of green- 
house gas pollution, largely as a result of this prac- 
tice. (Animal fats have also been used, to a limited 
degree, as feedstock for biodiesel. Occasional 
news stories highlight enthusiastic entrepreneurs 


FUEL YIELDS FOR BIOFUEL CROPS 


and early adopters running vehicles on discarded 
french fry oil from fast food restaurants, but larger 
projects are now proposed that will use waste fat 
from large beef, chicken, and pork producers.) 

The opportunity for those destroying the 
peat forests to plant oil palms as a feedstock 
for biodiesel is illustrated by the comparison of 
current fuel-equivalent yields. Oil palms yield 
610 gallons of biodiesel per acre, the most of any 
source. Coconuts, another productive source, 
yield 276 gallons per acre, followed by rapeseed 
(122 gallons), peanuts (109 gallons), sunflowers 
(98 gallons), and soybeans—which, at 46 gallons 
peracre, are the biodiesel feedstock of choice in 
the United States. In 2008, the majority of the U.S. 


The figures below show the yields for leading biofuel crops, in gallons of fuel per acre, and projected yields for second 


generation ethanol crops. Current biofuel crops are processed into either biodiesel or ethanol. The next generation of 


biofuels will convert cellulosic, nonfood plants such as switchgrass and miscanthus (elephant grass) into ethanol. 


This technology is not yet in use. 
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biodiesel supply was exported, mainly to Europe. 

Policy makers who are awate of the discour- 
aging life-cycle balances for CO, and energy with 
corn-based ethanol have taken comfort in the 
argument that the expansion of this liquid biofuel 
market has, at the least, created a production 
and distribution infrastructure that can soon be 
supplied with more economically and environ- 
mentally responsible biofuels produced by the 
long-anticipated second generation technology. 

“Cellulosic” biofuels can be made from tall 
grasses (like switchgrass), fast-growing trees, and 
other plants with a much higher cellulose content 
than food crops, and with organic waste from agri- 
cultural, forestry, and industrial waste streams. By 
using nonfood crops, this second generation tech- 
nology can avoid some of the serious problems that 
have arisen with the production of ethanol from 
corn. In addition, cellulosic biofuels are expected 
to have far lower greenhouse gas emissions but 
will vary in platform and conversion technology. 
However, the development of profitable versions of 
this second generation technology has taken more 
time than many had hoped. 

The second generation technology for pro- 
ducing ethanol—when it becomes commercially 
available—has a significant advantage over the first 
generation technology: instead of using food crops, 
it will make liquid fuels from perennial grasses, 
fast-growing trees, and waste streams with a high 
cellulose content. 

Some of the plants used as feedstocks—like 
switchgrass—actually help to sequester carbon in 
the soil as they grow, and research indicates that 
regular harvesting of switchgrass actually accel- 
erates sequestration of soil carbon. Incidentally, 
while most studies of cellulosic ethanol in the 
United States have focused on switchgrass, recent 
data indicate that miscanthus (a perennial grass 


native to Africa and South Asia) has substantially 
higher yields than switchgrass. 

One of the principal benefits of this second gen- 
eration process is that the feedstock plants flourish 
on land that is unsuitable for food crops—thereby 
eliminating the geopolitically and environmentally 
problematic competition between food crops and 
fuel crops—and can also be planted on degraded 
lands that have been abandoned by farmers, where 
they reinvigorate the fertility of the soil as they 
grow. Moreover, most of these fuel crops require 
no petroleum-intensive fertilizers, cultivation, or 
replanting (they are perennials). 

Some have proposed the widespread use of 
agricultural waste, like corn stover, as a feed- 
stock for cellulosic ethanol, but soil experts cau- 
tion that most such agricultural waste is best left 
on the ground to replenish the fertility of the soil. 
Nevertheless, according to most experts, both 
purposes can be served if the amount removed 
from the fields is less than 25 percent of the total. 

Ina new twist on crop rotation, some farmers 
are now planting “energy crops” after the fall har- 
vest of food crops and before the following spring’s 
planting. Others are using “mixed cropping” sys- 
tems, in which both food and energy crops are 
grown simultaneously. If implemented carefully, 
both of these approaches can actually enrich the 
fertility of the farmer’s soil for food crops and 
provide an additional source of income from the 
energy crops. 

Similarly, fast-growing trees—like poplars, 
hybrid willows, sycamores, sweetgums, and euca- 
lyptus trees—can be harvested annually. Some 
can be cut off close to the ground (a practice called 
coppicing), which actually stimulates more rapid 
regrowth and continues to stabilize, replenish, and 
recarbonize the soil. 

In addition, forest waste from the timber 
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industry, wood-processing mills, pulp and paper 
mills, the construction industry, and the clearing 
of underbrush during fire prevention activities 
could supply more than 350 million tons of cel- 
lulosic feedstock each year, according to the U.S. 
Departments of Energy and Agriculture. The study 
by these two departments found that, overall, the 
United States could process at least 1.3 billion tons 
of cellulosic biomass per year—enough to produce 


bioliquid fuels equal to one third of the current U.S. 


consumption of gasoline and diesel. 

It should be noted that many conservationists 
and environmentalists are wary of assertions that 
large-scale harvesting of “forest waste” and large- 
scale “selective” cutting of trees in mature forests 
will in fact be carried out in a truly sustainable pat- 
tern that respects the biodiversity and ecological 
complexity at risk in forest ecosystems. In many 
developing countries, there is no institutional 
capacity for monitoring or enforcing the principles 
of “sustainable forestry.” In the U.S., the history of 
the occasionally close relationship between tim- 
ber companies and some officials in the U.S. Forest 
Service has fed additional concerns about the 
impact of a large increase in the removal of wood 
from national forests as a source of biomass energy. 

There are two leading families of technologies 
for the production of second generation biofuels. 
Whereas first generation ethanol is produced 
essentially through the ancient process of fermen- 
tation, which transforms sugars and starches in 
food crops into alcohol, second generation tech- 
nologies are focused on breaking apart the more 
rigid molecular structures found in plants much 
higher in cellulose, hemicellulose, and lignin. The 
National Renewable Energy Laboratory notes that, 
“Plants have evolved over several hundred million 
years to be recalcitrant—resistant to attacks from 
the likes of bacteria, fungi, insects, and extreme 


weather... For cellulosic ethanol production, the 
primary challenge is breaking down (hydrolyzing) 
cellulose into its component sugars.” 

The competition among several different 
technology pathways has yet to produce a clear 
winner for the hydrolyzing process, although the 
use of precisely engineered enzymes may emerge 
next year as the first commercially available tech- 
nology for the competitive production of second 
generation cellulosic ethanol. 

The genetic modification of enzymes and 
microbes in ways that are useful in the conversion 
of biomass into energy has created excitement 
in recent years. Many biomass entrepreneurs are 
also enthusiastic about the dramatically increased 
yields they can obtain by inserting genetic traits 
into the plant varieties upon which they are relying 
as feedstock, though this application has aroused 
controversy. Some are also inserting traits that 
change the chemical nature of compounds made 
by the plant as it grows. These new techniques 
have generated opposition—especially in Europe— 
because of fears that the selection of traits by sci- 
entists working for businesses could result in 
genetic modifications that pose hidden risks for 
people and for ecological systems. 

It is worth remembering that the food crops on 
which humanity now depends were themselves 
modified through patient trait-selection over many 
generations by our ancestors in the Stone Age. 

Yet gene splicing is, of course, a process that is not 
only much faster but also much more powerful. 
And both of these differences can increase the risk 
that an unintended side effect could become wide- 
spread before it is fully recognized and understood. 
Nevertheless, the choice has effectively been made 
by our civilization to move forward even further 
into genetic modification. In most of the world, 
genetically modified (GM) crops are already being 
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grown in significant amounts. Indeed, in 2008, 

8 percent of all cultivated land in the world was 
planted with GM crops. And most scientists have 
come to the conclusion that the risks from genetic 
modification are extremely low, while the eco- 
nomic benefits are very high. 

However, there have been a few cases where 
genetic changes have caused unintended con- 
sequences. Since there are still some risks of 
events that are classified as “low probability but 
high impact,” it is important for governments to 
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establish a review process that focuses on the few 
modifications that may fall into this category. 

The second leading candidate in second gener- 
ation biofuel production relies on a thermochem- 
ical process to convert the cellulosic material into 
a syngas, which can then be transformed in one 
of several ways to make bioliquid fuel. At present, 
these techniques are more expensive, but much 
work is under way to bring down the cost suffi- 
ciently to make them competitive. 

A much cheaper and much more abundant 


First generation biofuels convert biomass with readily available starches—such as corn, palm, or sugarcane. The plant 


material’s starches are converted into sugar in a process called mashing. Second generation biofuels are made by breaking 


down the cell structure of nonfood plants such as switchgrass to release their sugars. For both types of biofuel, the sugars 


go through a fermentation process that produces alcohol, which is then distilled into fuel-grade ethanol. 
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source of biomass energy in gaseous form lies 
buried in municipal landfills all over the world— 
sites that are currently responsible for approxi- 
mately 14 percent of global methane emissions. 
Since methane (the primary component of natu- 
ral gas) is a valuable resource, there are business 
Opportunities in the capture and productive use of 
the enormous quantities produced in landfills. 

Methane accounts for the second largest vol- 
ume of global warming pollution after CO,. Each 
molecule is more than 20 times as powerful as a 
CO, molecule in trapping heat. Landfills are the 
third largest man-made source of methane emis- 
sions globally (14. percent, compared with more 
than 50 percent from agriculture—mainly live- 
stock and rice cultivation, and 16 percent from 
natural gas systems, mostly from leaks). 

Landfill gas, which is typically half methane 
and half CO,, is the second largest source of 
man-made methane in the United States, partly 
because the United States produces so much land- 
fill waste; China, with four anda half times as 
many people, did not surpass the U.S. in household 
garbage until early 2009. The U.S. emits as much 
landfill gas as the entire continent of Africa and 
more than two anda half times the amount gen- 
erated in the next largest national source, China. 
The amount of landfill gas collected and burned is 
increasing every year, but the amount of additional 
methane released from growing landfill volumes 
is increasing more rapidly, according to the U.S. 
Environmental Protection Agency (EPA). 

The technology for capturing methane from 
landfills is well developed, mature, and cost- 
effective. In the most commonly used technique, 
a series of vertical extraction wells are drilled into 
the landfill or horizontal gas-collection trenches 
are used to pipe the gas to a central location, where 
it is collected and processed. Many landfills with 


such collection systems simply flare the landfill 
gas, which at least reduces the global warming 
potential of the methane by emitting CO, instead. 
However, this approach is not optimal, and it 
wastes the opportunity to use the gas as a produc- 
tive source of energy. It can be burned to produce 
electricity or sold to businesses for use in boilers 

as a source of space heating. Some businesses and 
municipalities also have fleets of vehicles modified 
to run on landfill gas. 

Many developing countries dispose of munici- 
pal waste in open dumps, within which the waste 
decomposes aerobically to produce mainly CO,, 
with much smaller quantities of methane. The flow 
of rainwater through these dumps also produces 
liquid leachate that often contaminates under- 
ground water aquifers. Waste disposed in landfills, 
by contrast, is usually layered periodically with dirt 
and covered in ways that cause anaerobic decay (in 
the absence of oxygen), which begins after one to 
two years to produce methane. The leachate from 
older, unlined landfills can be particularly toxic to 
underground water supplies. 

In 1996, the United States enacted a Landfill 
Rule requiring all new municipal landfills to cap- 
ture the methane they produce and either simply 
flare it or use it productively. Approximately 37 per- 
cent of U.S. landfills are now covered by these regu- 
lations, but roughly half of them flare the gas they 
collect. That leaves approximately 63 percent of 
landfills that are not required to collect their gas. 
And while about 20 percent of these landfills do so 
on their own, only one third of them put the gas 
they collect to productive use instead of flaring it. 

Many companies have partnered with land- 
fill operators to generate electricity and heat from 
landfill gas. For example, the BMW plant in Greer, 
South Carolina, meets 70 percent of its energy 
needs with landfill gas, which it uses to generate 
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both electricity and heat. The company estimates 
that in six years of operation, it has saved $5 mil- 
lion in annual energy costs by using landfill gas. 

The EPA has organized an international part- 
nership, which now includes 30 countries, to focus 
on exploiting the opportunities to recover meth- 
ane from landfills. This Methane to Markets part- 
nership is designed to facilitate the development of 
projects to recover landfill gas. 

Recently, entrepreneurs have devised an inno- 
vative new technique for capturing much more 


A NEW INDUSTRIAL REVOLUTION 


“For 21 years | never gave a thought to what we were 
doing to the earth in the making of our products,” 
admitted Interface Flooring founder Ray Anderson. But 
inthe 1990s, customers began asking what Interface 
was doing for the environment. “The real answer was 
not very much,” he remembered. 

Anderson was panicked when Paul Hawken’s book 
The Ecology of Commerce fell on his desk. In reading it, 
his epiphany was simple: “The way | had been running 
Interface was the way of the plunderer. Someday peo- 
ple like me will end up in jail” 

In the following 15 years, Anderson has pursued 
Mission Zero, a commitment to eliminate Interface’s 
negative impact on the earth by 2020. For the carpet 
industry, with an estimated 5 billion pounds of its prod- 
uct ending in landfills each year, reducing waste lies at 
the heart of a sustainable future. 

Interface began sourcing renewable materials, 
replacing oil-based polymers with corn-based ones. 
Then, through its product reclamation program, it 
began using post-consumer nylon and vinyl for new 
carpets. Over the past 23 years, more than 100 million 
pounds of materials have been diverted from landfills. 

In 2003 Interface applied the same goals to its 
energy demand, The company launched a program with 
the EPA to convert methane gas from the landfill in 
LaGrange, Georgia, into a renewable-energy source. 


methane from municipal solid waste by placing 
it in large concrete buildings with hermetically 
sealed doors and efficient gas-collection systems 
that harvest the methane on an ongoing basis. The 
gas can be completely evacuated before the doors 
are unsealed to permit the addition of more waste. 
And the process is made more efficient still with 
the introduction of more anaerobic bacteria that 
accelerate the production of methane. 

With all of the focus on producing liquid 
fuels for transportation from biomass, many have 


Ray Anderson stands near machines that bind together waste 


fiber scraps at the Interface plant in West Point, Georgia. 


The system captures and burns the landfill methane, 
converting It to heat and power. 

Company-wide, Interface’s net greenhouse gas 
emissions are down 83 percent in absolute tonnage. 
And the change has been good for business. Interface 
sales have increased by two thirds and profits have 
doubled. Anderson disagrees with those who claim 
we have to choose between the environment and 
the economy. 


AS GROWING FUEL 


begun to ask whether it makes sense to spend so 
much money, time, and energy in scaling up the 
transformation of biosolids into bioliquids. After 
all, while more than 90 percent of the controversy 
over biomass involves bioliquids, 90 percent of the 
biomass energy actually produced in the world is 
in the form of heat and electricity. Researchers at 
the John F. Kennedy School of Government and 
the Stockholm Environment Institute concluded 
in 2007, “If greenhouse gas mitigation is a major 
objective, then a more effective strategy may be 
to prioritize the use of biomass to displace coal- 
based power over the use of biomass to displace 
transport fuels.” 

A team of researchers from Michigan State 
University, the University of Minnesota, and the 
Swedish University of Agricultural Sciences pub- 
lished a study last spring detailing the argument 
that the use of biomass for electricity generation 
can reduce greenhouse gas emissions far more 
effectively than through the expensive transforma- 
tion of biomass into liquid fuels. They pointed out 
that more than 30 percent of the energy contained 
in cellulosic biomass is presently lost during the 
recovery of fermentable sugars. Then, another 
27 percent of the energy contained in the sugars is 
lost during fermentation. Worst of all, 75 percent 
of the energy remaining in the liquid fuels pro- 
duced is then lost when it is burned in inefficient 
internal-combustion engines. 

Consequently, even though conventional 
electricity-generating plants lose, on average, 

65 percent of the energy in the fuels to wasted heat 
in the process by which they burn fuels, the much 
higher efficiency of electric vehicles means that the 
use of biomass for electricity displaces twice as 
much petroleum with biomass than when it is con- 
verted into liquid fuels. In addition, if the electricity- 
generating plants burning cellulosic biomass are 


equipped with combined heat and power plants 
(cogeneration), more than 60 percent of the energy 
contained in the biomass can be efficiently used. 

Moreover, we should anticipate and accelerate 
the progressive conversion of the world’s automo- 
bile fleet to electricity, which will allow increased 
energy efficiency in the transportation sector, less 
dependence on unstable global oil markets, and the 
most efficient use of biomass—which is in the pro- 
duction of electricity and thermal energy. 

It should be noted, however, that even if all 
cars were shifted to electricity over time, in many 
developing countries, the building of electrical 
smart grids capable of powering electric vehicles 
will take considerably more time than in developed 
nations. And even then, there would still be a need 
for lower-carbon liquid fuels to power heavy trucks 
and airplanes. Luckily, in addition to producing eth- 
anol and biodiesel, biorefineries can also produce 
jet fuel; several airline companies are aggressively 
exploring the use of jet fuel made from biomass. 

Meanwhile, scientists are hard at work ona 
third generation process. While much of the 
second generation cellulosic effort is aimed at pro- 
ducing ethanol from nonfood crops, the main focus 
of the third generation is end products that are 
superior to ethanol, including new molecules 
(like biobutanol) that can be mixed directly 
with gasoline and diesel, eliminating blending 
problems. The production of transportation fuel 
from algae is also frequently classified as a third 
generation technology. Several major oil compa- 
nies have focused on the potential to create biofuel 
from algae. In 2007, Royal Dutch Shell announced 
that it will build a pilot facility in Hawaii and, 

a month later, Chevron announced a partner- 
ship to study algal fuels. In the summer of 2009, — 
ExxonMobil announced a partnership with a com- 
pany founded by genetics entrepreneur Craig 
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Venter. One argument in favor of algae is that it 
can be grown in arid environments using brackish 
water, salt water, or polluted water. However, in 
spite of the enthusiasm of algae entrepreneurs— 
and the large bets placed by energy companies— 
some experts are still skeptical that competitive 
fuels from algae will be available soon. 

Nevertheless, whatever the technology and 
whatever the feedstock, the laws of physics may 
inherently limit the relative energy efficiency of 
making liquid fuels from biomass—compared with 
using advanced combustion technologies to har- 
vest much larger percentages of the energy con- 
tained in biomass in the form of thermal energy 
and electricity produced by steam-driven and gas- 
fired generators. 

The use of biomass in combined heat and power 
(CHP) generators is, at present, a cheaper source of 
renewable energy than solar electricity, and only 
slightly more expensive than onshore wind elec- 
tricity. Indeed, many energy experts have come to 
believe that, in most cases, the most efficient use 
of biomass is as fuel for direct combustion to create 
thermal energy for the space heating and cooling 
of buildings and for the making of steam to power 
electricity generators. Moreover, biomass genera- 
tion can serve as baseload power, while wind and 
solar cannot, so it is an effective way to reduce the 
amounts of carbon-intensive coal and natural gas 
that are burned to produce electricity. 

The Natural Resources Defense Council con- 
cluded in a 2004 study: “Given the current mix 
of fuels used to generate electricity in the United 
States, using a ton of biomass to generate elec- 
tricity provides a moderately larger reduction in 
greenhouse gases than any of our fuel-producing 
options. This situation will change over time, 
though, especially if we make a concerted effort 
to reduce overall greenhouse gas emissions.” 


Biomass used for the production of electricity 
and thermal energy comes mainly from wood— 
principally forest waste. Slightly more than half 
of all biomass energy consumed is derived from 
wood, and 65 percent of wood consumption is in 
the industrial sector, where it is used on-site to pro- 
duce heat for industrial processes, as well as smaller 
amounts of electricity; residential and commercial 
use accounts for 25 percent, and the electric power 
sector consumes only 9 percent. In 2006, electric- 
ity generation from biomass (from electric utili- 
ties and from industry cogeneration) accounted for 
approximately 7 percent of global production of 
renewable electricity. 

Biomass CHP generators can also support 
small-scale, distributed applications—thus avoid- 
ing the worst of the logistical nightmares con- 
fronting the collection of large supplies of biomass 
from a wide geographic area in volumes sufficient 
to make large biorefineries profitable. Since wood 
has a much lower energy density than coal, the 
logistics of supplying adequate quantities of feed- 
stock for very large facilities in a sustainable pat- 
tern is often a serious challenge. After all, the high 
energy density of coal and oil, and their widespread 
availability from underground reserves, are the 
principal reasons why coal and oil became our 
dominant fuels in the first place. 

Wood for factories and utilities is frequently 
processed into pellets that are easy to transport, 
store, and “co-fire” along with coal in existing 
boilers—displacing as much as 20 percent of the 
coal and reducing CO, emissions in the process. 
According to a study by the Worldwatch Institute 
in 2009, “Co-firing holds the most potential out of 
all renewables for reducing a significant amount 
of emissions in the near term.” 

Modern dedicated generators optimized for 
wood pellets and equipped with state-of-the-art 
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PROJECT NEAR PHOENIX, ARIZONA. IN THE 
RIGHT CONDITIONS, AN ACRESOF ALGAE COULD 
PRODUCE 5,000 GALLONS OF BIOFUELA YEAR. 


emissions controls can produce electricity far more 
efficiently than coal-fired steam generators and can 
reduce CO,-equivalent emissions by as much as 

94 percent. For example, the U.K. has announced 
plans to build a dedicated 295-megawatt advanced 
biomass generator, and other larger models are now 
being planned. Significantly, the U.K. government 
has announced its intention to require that these 
dedicated biomass plants use carbon capture and 
sequestration starting in 2030. 

The biomass industry has also developed inte- 
grated biorefineries that use a variety of feedstocks 
and several different conversion technologies in 
order to produce biofuels, biomaterials, thermal 


energy, and electrical power. Although the con- 
cept makes sense and can allow the biorefineries to 
become close to self-sustaining in their energy con- 
sumption, most integrated biorefineries built thus 
far have focused primarily on the production of 
ethanol or biodiesel. 

At present, the largest market for biomass 
production of electricity and heat from wood pel- 
lets is in Europe, with the pellets coming mainly 
from suppliers in the northwest forests of North 
America through the Panama Canal. The second 
largest flow of wood pellets to Europe is from 
Australia, with growing supplies planned from the 
southeastern United States. 


In the European Union, the burning of 
biomass—principally wood and wood wastes— 
accounts for two thirds of the renewable energy 
being produced, although solar, wind, and geother- 
mal electricity are poised to grow dramatically. 
According to the consulting group New Energy 
Finance, there are presently 3.2 gigawatts of bio- 
mass power generation announced, permitted, 
financed, or commissioned in Europe, the Middle 
East, and Africa. Many other biomass generators are 
under construction or have been announced. 

U.S. markets for thermal and electric energy 
from wood pellets are expected to grow rapidly 
after the adoption of the proposed Renewable 
Electricity Standard—which will lead to the devel- 
opment of regional biomass-trading relationships, 
the emergence of new biomass logistics providers, 
and new innovations in the supply chain. For exam- 
ple, a process called torrefaction, which has tradi- 
tionally been used in the coffee industry, is now 
being introduced into the biomass industry to heat 
and dry the wood pellets in ways that allow them 
to be stored outside without absorbing rainwater. 
There is also growing interest in the agricultural 
community in a process by which biomass can be 
burned in the absence of oxygen (a process known 
as pyrolysis) in order to create biochar, which, as 
discussed in Chapter 10, is an extremely effective 
way to regenerate soil fertility while sequestering 
large amounts of carbon in agricultural soils. 

In 2009, a remarkable analysis published in 
Science magazine by 11 experts on energy policy 
and biofuels—including both advocates and skep- 
tics of biofuel potential—proposed a methodology 
for resolving controversies over alternative biofu- 
els by applying “two simple principles”: “In a world 
seeking solutions to its energy, environmental, and 
food challenges, society cannot afford to miss out 
on the global greenhouse gas emissions reductions 


and the local, environmental, and societal benefits 
when biofuels are done right. However, society also 
cannot accept the undesirable impacts of biofuels 


done wrong.” 

These scholars also concluded that “the recent 
biofuels policy dialogue in the United States is trou- 
bling. It has become increasingly polarized, and 
political influence seems to be trumping science.” 

They called for the adoption of “meaningful 
science-based environmental safeguards,” govern- 
ment support for a “robust biofuels industry,” and 
the assurance of a “viable path forward” for inves- 
tors in first generation biofuels. 

One positive sign for the development of a sen- 
sible and coherent public policy on biomass came 
in 2007, with the formation in the United States 
of the Council on Sustainable Biomass Production. 
Made up of farmers, producers, refiners, oil compa- 
nies, biotech companies, federal officials, and 
academic researchers, this council has earned wide- 
spread respect in a short period of time and is devel- 
oping a comprehensive, voluntary certification 
program and education and training programs— 
all based on standards designed to address “the full 
complement of sustainability issues through prin- 
ciples, criteria, and indicators applicable to both 
agriculture and silviculture.” They plan to begin 
implementing their standards-based program in 
the spring of 2010, “well in advance of full-scale 
production of cellulosic bioenergy.” 

Among governments, the European Union 
has taken the lead in establishing sustainability 
standards for biomass. The U.K., for example, 
now requires producers to apply for Renewable 
Obligation Certificates that, in the case of generat- 
ing electricity from biomass, include provisions 
for the careful review and oversight of the nature, 
production methods, and origin of all biomass 
feedstocks they plan to use. 


THE SMALL GERMAN VILLAGE OF JUHNDE 
GENERATES ALL OF ITS HEATING AND ELECTRICITY 
FROM BIOMASS, INCLUDING WOOD CHIPS AND 
ANIMAL WASTE. 
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The idea of “carbon capture and sequestration” (CCS) is compelling. In theory, 
the world could capture all of the CO, that is presently emitted into the atmo- 
sphere by fossil fuel electricity plants and sequester it safely in repositories 
located deep underground and beneath the bottom of the ocean. We could then 
continue to use coal as a primary source of electricity without contributing to the 


destruction of human civilization in the process. 


The reality, however, is that decades after CCS was first proposed, no govern- 


ment or company in the world has built a single commercial-scale demonstration 


project capturing and sequestering large amounts of CO, from a power plant. 


All the technologies for capturing, compress- 
ing, transporting, and sequestering CO, have been 
developed and tested on a small scale. All of them 
work. But the components have never been inte- 
grated and implemented on a large-enough scale 
to build the degree of confidence necessary for 
the truly massive commitment the world would 
have to make were this option to be chosen as one 
of civilization’s main strategies for solving the 
climate crisis. 

Why? 

T.S. Eliot once wrote, “Between the idea and 
the reality, between the motion and the act, falls 
the shadow.” 

The shadow of implausibility that falls between 
the idea of CCS and the failure to make it a reality is 
cast by two huge obstacles looming on the horizon. 
First, the exorbitant energy penalty for capturing 
CO, would require the coal industry to increase the 
amount of coal it now burns by 25 to 35 percent in 
order to produce the same amount of electricity 
it presently generates. If companies did not build 
new coal plants, then the industry would produce 
25 to 35 percent less electricity while burning the 
same amount of coal. And second, extraordinarily 


complex and time-consuming questions about the 
specific location of appropriate, large-scale, under- 
ground repositories—and how much CO, could be 
safely stored at each one—have yet to be answered. 

The sheer volume of the CO, currently being 
emitted from coal-fired and gas-fired generators is 
itself the underlying reason that so many industry 
experts regard CCS as an intriguing idea that still 
strains credulity. If all of the CO, now being vented 
into the atmosphere by U.S. coal electricity plants 
were captured and converted to its liquid form, the 
volume would be equivalent to 30 million barrels 
of oil per day—three times the volume of all the oil 
imported by the United States each day. If the CO, 
were then transported by pipeline to repositories, 
as proposed, the amount (by volume) would be one 
third that of all natural gas now being transported 
in pipelines throughout the U.S. 

There is no shortcut to ensuring truly safe stor- 
age of huge amounts of CO,—or for determining 
how much CO, might be stored safely in under- 
ground sites—even though the basic science gives 
cause for optimism on both counts. Underground 
geological storage may eventually be workable 
and safe, and geologists already know many of the 
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general areas in which appropriate potential reposi- 
tories almost certainly can be found. 

Still, even as work begins to locate and charac- 
terize potential repositories, many energy experts 
remain skeptical about the practicality of burn- 
ing a third more coal to produce the same amount 
of electricity. The Union of Concerned Scientists 
put it this way: “It is like having to build one new 
coal plant just to power the carbon capture pro- 
cess for every three to four conventional plants.” 
The Massachusetts Institute of Technology in its 
recent study “The Future of Coal” concluded that 
“If carbon capture and sequestration is successfully 


also be significant. Coal mining is very destruc- 
tive to the environment. For example, the obscene 
practice called “mountaintop mining”—and the 
dumping of toxic mining waste into streams in the 
valleys below—is an ongoing environmental atroc- 
ity. Not only are the mountain peaks transformed 
forever into ugly moonscape plateaus but the waste 
includes arsenic, lead, cadmium, and other danger- 
ous forms of heavy-metal pollution that leach into 
drinking-water supplies. 

Significant progress has been made over the 
past 20 years in forcing the reduction of sulfur 
oxides, nitrogen oxides, and particulates from the 


“It is like having to build one new coal plant 
just to power the carbon capture process 
for every three to four conventional plants.” 


UNION OF CONCERNED SCIENTISTS 


adopted, utilization of coal likely will expand even 
with stabilization of CO, emissions.” However, 
Howard Herzog of M.LT. argues that because CCS 
would be mandated as part of a climate policy and 
would raise the price of coal-based electricity, the 
overall result would be a decrease in the number of 
coal-burning plants. 

The additional CO, associated with any 
increase in the mining and transportation of more 
coal would not be captured and sequestered. Nor 
would the CO, resulting from the transportation, 
injection, and sequestration activities. 

The associated environmental costs of any 
expansion of the mining and burning of coal would 


burning of coal. Reductions in sulfur dioxide man- 
dated by law have lessened the severity of acid 
rain, though acid rain continues to be a problem. It 
would be worsened by a significant increase in the 
burning of coal, which remains the second largest 
source of nitrogen oxide (NO,), one of the compo- 
nents of smog anda contributor to acid rain. 
Recent regulations to limit mercury emis- 
sions from coal plants are widely considered to 
be far too weak. Some state governments—with 
Pennsylvania leading the way—have tightened 
mercury emissions, but in most of the U.S. and 
throughout the world, the burning of coal remains 
the largest man-made source of mercury pollution. 
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The 130 million tons of coal ash and sludge pro- 
duced by U.S. coal plants each year is already one of 
the largest industrial waste streams in the country. 
In 2008, three days before Christmas, one billion 
gallons of this toxic sludge burst out of its confine- 
ment reservoir and destroyed a neighborhood of 
homes in Harriman, Tennessee. 

Nevertheless, many feel the stakes are so high 
that no option that might conceivably help solve 
the climate crisis should be discarded. The expense 
and risk of CCS, after all, would be far less than what 
scientists are warning will happen if we continue 
dumping all of that CO, straight into the atmo- 
sphere. It’s imperative that we quickly find alterna- 
tives that stop the ongoing destruction of the 
habitability of the earth for human civilization. In 
addition, CCS would, in theory, allow the world to 
avoid incurring large stranded costs from the retire- 
ment of at least some of the existing fossil fuel 
plants before the end of their original lifetimes. 

What should be discarded, however, is any 
illusion that CCS will be available anytime soon 
at a scale large enough to make a dent in our CO, 
emissions. We are many years away from under- 
standing the answers to questions that must be 
resolved before CCS could become one of the 
viable solutions for global warming. 

This last point is crucial, because some coal 
companies and coal-burning utilities have aggres- 
sively promoted the illusion that CCS is actually 
near at hand. They have a powerful incentive to 
create this impression, because if the public and 
policy makers believe that CCS is likely to be avail- 
able in the near term, they might be persuaded to 
allow utilities to continue building coal-fired gen- 
erating plants and simply purchase an empty field 
adjacent to them outfitted with reassuring bill- 
boards reading “Future Site of CCS.” 

Unfortunately, while the coal industry has a 


powerful incentive to promote the illusion that 
CCS is almost ready, it has no incentive whatso- 
ever to actually invest significant sums of money to 
make CCS a reality—unless and until the nations of 
the world place a high price on CO, (a price avoided 
only if the CO, is captured and sequestered safely). 
Most of the coal companies, of course, oppose the 
placing of any price on CO, because it will allow 
other electric generation technologies like natural 
gas, nuclear, wind, and solar to capture their mar- 
ket share. Thus, they continue to promote the illu- 
sion that CCS will soon be available so they can 
continue to sell coal to dirty old power plants. 

Many utilities are now using CCS as an excuse 
for inaction. Some are arguing that they shouldbe 
allowed to go forward with construction of new 
coal-fired generating plants that are—in their 
phrase—“capture ready.” The utilities imply that 
they can build these plants in ways that prepare 
them in advance to be retrofitted with CCS tech- 
nology as soon as it is available for commercial use. 

However, the M.LT. study stated that the 
idea of a “capture ready” coal plant is “as yet 
unproven and unlikely to be fruitful.” These 
experts added: “Pre-investment in ‘capture ready’ 
features for... coal combustion plants designed 
to operate initially without CCS is unlikely to be 
economically attractive.” 

An estimated 75 percent of the cost involved 
in CCS is in the energy required to capture CO, 
from the exhaust emissions of generating plants. 
This presents an enormous practical challenge. The 
low pressure of the gas coming out of the plant’s 
exhaust—and the small percentage of that gaseous 
mixture made up of CO,—means that a very high 
volume of gas must be treated in order to remove 
most of the CO,. 

Ninety-nine percent of all coal-fired power 
plants in the United States burn pulverized coal 
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(mixed with air) and emit enormous volumes of 
flue gas, composed of 10 to 15 percent CO). The 
vast majority of the existing plants are based on 
old, inefficient technology that effectively utilizes, 
on average, only 32 percent of the heat energy con- 
tained in the coal. Large amounts of money are 
presently required on a regular basis simply to keep 
these plants operating. 

These older, thermally inefficient, coal- 
fired generating plants would suffer such a large 
energy penalty that most experts are skeptical 
that it will be practical to retrofit them with CCS. 
However, others argue that it will be difficult for 
the world to meet the necessary CO, reduction 


substantial retrofitting of boilers, turbines, gas 
cleanup systems, and other significant compo- 
nents. These expenses would be further increased, 
because many of the same factors that have pro- 
duced unsustainable hikes in construction costs for 
nuclear power plants have also been driving up con- 
struction costs for coal-fired generating plants. 
After CO, is captured, it is compressed to a 
“supercritical” state, which is neither a gas nor a 
liquid but has some properties of both. It is then 
ready to be shipped by pipeline to an appropriate 
sequestration site. (CO, can be transported either 
as a liquid or in its liquidlike supercritical form.) 
Significant amounts of energy are required to 


The idea of a “capture ready” coal plant is 
“as yet unproven and unlikely to be fruitful.” 
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goals without dealing somehow with CO, emis- 
sions from these inefficient plants—particularly 
the many inefficient new plants being opened in 
China. This accounts for the high interest in a joint 
U.S.-China program to quickly explore this option. 

The newer designs for pulverized-coal plants— 
supercritical and ultra-supercritical technologies— 
are capable of utilizing up to 40 percent of the 
energy in the coal. Another design—fluidized bed 
combustion—allows the mixing of lower grades of 
coal or biomass and typically produces less sulfur 
dioxide and nitrogen oxide. However, even though 
these new designs are somewhat more efficient, 
they do not make the task of CCS any easier. 

Older and newer plants alike would require 


pressurize the CO,, but overall, the cost for trans- 
porting CO, by pipeline over reasonable distances 
is not considered prohibitively expensive. In addi- 
tion, economic studies indicate that the cost of 
transporting CO, via pipelines can be reduced sig- 
nificantly thanks to economies of scale at volumes 
above 10 million tons per year. If the CCS option is 
adopted ona broad scale, the development of pipe- 
line networks would reduce the need for more 
expensive, dedicated pipelines between each 
source and each sink. 

There are now more than 3,900 miles of 
CO, pipelines in the United States being used for 
enhanced oil recovery. Thus far, there have been no 
safety concerns. Although the sudden release ofa 


HOW CARBON DIOXIDE IS SEQUESTERED 


When coal is gasified, the CO, can be separated from the resulting gas before it is burned. Post-combustion CCS technology 
separates CO, from a power plant’s other flue gases—water vapor, sulfur oxides, and nitrogen oxides. With both tech- 
niques, acompressor pushes the captured CO, gas through injection pipelines thousands of feet deep into the earth. The 
CO2, now pressurized into a denser, liquidlike “supercritical” state, is stored, or sequestered, in rock formations, where it is 


trapped in the pores of the rocks. The high pressure and temperatures at this depth keep the gas in its supercritical state. 
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large amount of CO, in populated areas would be 
dangerous if the CO, concentrations were higher 
than 7 to 10 percent in the air, there have been no 
significant problems with existing CO, pipelines. 
Most engineers believe this risk to be very low. The 
much longer experience with natural gas pipelines 
has also produced a high level of public confidence 
that pipeline safety is a manageable risk. 

More than half of all coal-fired power plants 
operate in areas where geologists have identified 
nearby underground regions likely to have areas 
appropriate for CO, sequestration. However, sci- 
entists cannot be certain of this without exten- 
sive work to characterize potential sites. It is also 
important to note that quite a few coal-fired gen- 
erating plants are located far from areas considered 
likely candidates for underground sequestration. 

The final stage of the CCS process is the seques- 
tration of the captured CO, ina safe location from 
which it cannot escape back into the atmosphere. 
Scientists and entrepreneurs are hard at work in 
pursuit of innovative technological breakthroughs 
that will capture, stabilize, and “embody” CO, in 
new building and paving materials. These exciting 
potential breakthroughs could lock significant 
amounts of CO, into the structure of the materials 
themselves. But at present, virtually all the focus is 
on geological storage sites deep in the earth. 

The most likely candidates for geological 
sequestration are saline aquifers in rocks 
sufficiently permeable to absorb the CO, and 
sufficiently stable and isolated to ensure that the 
CO, remains in place indefinitely. The pores of the 
rocks inside these saline formations trap the CO, 
with what scientists refer to as “capillary forces.” 

Over long periods of time, the CO, dissolves 
into the liquids in the saline formation and the 
minerals in the rocks. Even though CO, is buoyant 
and naturally migrates toward the surface if not 


held in place, when it is injected into the right geo- 
chemical environment at a depth of one kilometer 
or more, the deep-earth pressure and heat will pre- 
serve the CO, ina supercritical, quasi-liquid form 
that scientists feel confident will remain in place. 
Moreover, sites such as these are typically covered 
by impermeable layers of shale or by minerals and 
salts left when ancient bodies of water evaporated 
in an earlier geological age. 

The limited experience gained thus far with 
these saline formations is encouraging. Two major 
studies—one by the IPCC and another by M.1.T.— 
have both concluded that once the CO, is appro- 
priately sequestered in these formations, virtually 
all of it is likely to remain there. According to these 
studies, the highest risk of leakage comes during 
the injection process, when it is first stored. 

Even though there are remaining uncertain- 
ties about how these geochemical processes will 
work in particular locations, independent geolo- 
gists express a very high level of confidence that 
the CO,, once successfully sequestered, will not 
only remain safely underground but will also 
become progressively safer as time elapses. Enough 
is already known about the basic geological and 
chemical forces at work to produce a very high level 
of confidence in the safety of this technique. 

However, the geological, geochemical, geophys- 
ical, and geographical natures of the potential sites 
differ significantly from one location to another. 
Moreover, it is difficult and time-consuming to 
estimate the “pore volume” in particular geologi- 
cal formations that, while generally appropriate for 
GO, sequestration, may present complications that 
limit the amount of CO, they can safely contain. 

The earth’s crust is described by geologists as 
acomplex, heterogeneous, nonlinear system. In 
other words, there is such a variety of intermin- 
gled geological formations deep underground, it is 


144 OUR CHOICE 


inherently difficult to map the precise boundaries 
of reservoirs that initially look promising in order 
to ensure the CO, is not injected into an area with 
a “fast path” escape route into an adjacent geologi- 
cal area from which it could migrate to the surface. 

For example, geologists would have to iden- 
tify and adequately plug and cap abandoned wells 
that may have been drilled into parts of these reser- 
voirs and long since forgotten. Abandoned wells, if 
not identified and plugged, could, under some cir- 
cumstances, serve as chimneys through which the 
sequestered CO, could find its way up. Geologists 
must also locate any freshwater aquifers that might 
be contaminated by large volumes of CO,. 

New fine-grain seismic techniques capable of 
time-lapse analysis have shown promise in moni- 
toring the behavior of the injected CO,. They may 


THE LAKE NYOS TRAGEDY 


Experts agree that the tragedy at Cameroon's Lake 
Nyos in 1986 is not relevant to the risks associated with 
carbon capture and sequestration. It does, however, 
illustrate one reason for public concern about the siting 
of CCS repositories. 

The sudden release of large amounts of CO? from 
deep beneath the bottom of the lake in northwest 
Cameroon killed more than 1,700 people and 3,000 cat- 
tle. The original source of the CO2 was melted magma 
50 miles beneath the bottom of the lake. The gas made 
its way up through vents in the rocks underneath the 
lake and saturated the water at its bottom depths. The 
natural churning of freshwater, from the top down to 
the bottom, caused a sudden, explosive geyser of CO2 
to spout powerfully to the surface. Because it is heavier 
than air, the CO2 spilled over the shores of the lake and 
down the hillsides and valleys, asphyxiating all who 
were In the path of the deadly plume. This rare, natu- 
rally occurring event is known to have happened before 
at Lake Nyos, at another lake in Cameroon, and ata 


be usable as a means of detecting any rapid under- 
ground migration of the injected CO, into areas 
where it would no longer be safely contained. 

Several teams are hard at work improving 
their understanding of these risks, but this takes 
time. Moreover, what is learned in the study of one 
potential reservoir may have only limited relevance 
to an understanding of the next. Difficult issues 
related to liability insurance, ownership of tidal to 
subsurface regions, appropriate ways to monitor 
safety and regulate safe practices, and others must 
all be addressed as well. 

In spite of these uncertainties, most experts 
agree it is very likely possible to safely store large 
amounts of CO, in saline aquifers. These same 
experts, however, stress the importance of con- 
ducting studies and large-scale demonstration 


Scientists and workers launch a raft with CO2-monitoring 


equipment on Lake Nyos, Cameroon. 


lake in neighboring Congo. All three lakes have now 
been equipped with relatively inexpensive monitoring 
systems designed to alert people before the next dan- 
gerous buildup of COg. 
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projects for many years in order to assure that their 
tentative conclusion is correct. 

And, as is true with any large energy-related 
project, public opposition is an important factor in 
the choice of sites. One proposed CO, sequestra- 
tion site in The Netherlands has been blocked—at 
least temporarily—by strenuous opposition from 
people who live nearby. Royal Dutch Shell has pro- 
posed to locate the site two to three kilometers 
below the surface in a location near Barendrecht 
and operate it in a joint venture with ExxonMobil. 

The Barendrecht town council has voted 
to oppose the site, arguing that it is beneath 
one of the most densely populated areas of the 
Netherlands. Some environmental groups are 
concerned about the way in which the safety of 
sequestration sites will be determined and the 
effectiveness with which they will be monitored. 
The Dutch government, however, strongly sup- 
ports the site. The decision on whether or not to go 
forward will be heavily influenced by the results of 
careful study by an independent commission. 

Some scientists suggest that deep coal seams 
that can’t be mined—seams that include organic 
minerals containing brine and other gases— 
should also be explored as potential storage sites. 
However, much less is known about these sites 
than about the saline formations that have received 
the most attention. 

So far, sequestration has been achieved only for 
small volumes placed in locations known to have 
ideal conditions. The effort to store vastly larger 
volumes of CO, may lead us to discover weaknesses 
in the case for geological sequestration at particu- 
lar sites. For example, much higher volumes of CO, 
could potentially put enough pressure on other- 
wise stable formations to produce cracks through 
which the CO, could migrate unpredictably. 

Seismic risks are also a factor in determining 


site safety. Such risks include not only naturally 
occurring earthquakes but also seismic events 
induced by the injection of very large volumes of 
CO, into some geological formations. This is partic- 
ularly true, according to the M.LT. expert study, for 
“rapid injection of large volumes into moderate- 
low permeability rock” because “large volume, high 
rate injections... have a higher chance of exceeding 
important process thresholds.” Most examples of 
such induced earthquakes have thus far been small, 
although in the 1960s several somewhat large 
quakes were induced in Denver—the largest hit- 
ting 5.3 on the Richter scale. 

Currently, CO, in relatively small amounts 
is sold to oil drillers, who use it for enhanced oil 
recovery (EOR). By injecting the CO, into the 
bottom of mature oil wells, they use the pres- 
sure of the gas to force the remaining oil upward, 
thereby making it recoverable. In the United 
States, the technique is used in oil fields in west 
Texas, southern Louisiana, southwest Oklahoma, 
and the border region overlapping Utah, Colorado, 
and Wyoming. In addition, CO, from a coal-to- 
synthetic-gas plant in North Dakota is used for 
enhanced oil recovery in Saskatchewan, Canada. 

Experts on CCS are virtually unanimous in con- 
cluding that the use of CO, for enhanced oil recov- 
ery offers little that is relevant to the long-term, 
safe storage of vast quantities of CO, from electric 
generating plants. The underground geology of 
oil wells is almost always fractured and disrupted 
by the drilling process, the amounts of CO, used 
are minuscule compared with what would have 
to be stored in large underground secure reposito- 
ries in order to make CCS possible, and—with one 
partial exception—the kinds of measurements 
and studies necessary to gain valuable information 
about the practicability of CCS at EOR sites have 
not been conducted. 
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There are three larger-volume CCS demonstra- 
tion projects involving the production of natural gas 
now under way. Two of the three have chosen saline 
formations for their repositories. Norway is seques- 
tering CO, under the ocean bottom in the North Sea 
between Norway and Scotland at the Sleipner gas 
field. Statoil, the Norwegian company responsible 
forthe Sleipner project, has also joined with British 
Petroleum and Sonatrach (of Algeria) to demon- 
strate the sequestering of CO, in natural gas reser- 
voirs at In Salah in Algeria. In addition, aCCS project 
has been launched at Weyburn in Saskatchewan in 
connection with coal gasification. Itis using CO, 
for the long-established purpose of enhanced oil 
recovery. Though acommercial venture, it has been 
designated as an international project to study CCS, 
and some instruments have been used to monitor 
potential leakage. 

Thus far, none of these three CCS demon- 
stration projects has found any leakage of CO). 
However, the M.LT. report noted that the projects 
it studied—Sleipner, In Salah, and Weyburn—‘“do 
not address all relevant questions.... Many param- 
eters which would need to be measured to circum- 
scribe the most compelling scientific questions 
have not yet been collected, including distribu- 
tion of CO, saturation, stress changes, and well- 
bore leakage detection.... Important nonlinear 
responses that may depend on a certain pressure, 
pH, or volume displacement are not reached.” 

Luckily, more CCS projects are coming soon 
that may answer some of these questions. Statoil 
has recently opened a second CCS operation 
called the Snghvit Project, located underneath 
the bottom of the Barents Sea north of the Arctic 
Circle. The largest incentive motivating Statoil is 
the CO, tax it would otherwise have to pay on each 
ton of CO, that is safely sequestered. A Swedish 
government-owned company, Vattenfall, which 


operates a number of coal-fired power plants in 
Europe, has recently announced the beginning 

of development work on the first full-scale CCS 
plant in Europe, to be located in Denmark. If it is 
successful, Vattenfall plans to build a second plant 
at the Janschwalde power plant in Germany. 

A large-scale CO, sequestration project associ- 
ated with ethanol production is also nearing 
completion in Illinois. The plan calls for up to a mil- 
lion metric tons of CO, to be injected into a saline 
formation more than a mile underground. Several 
other projects at the one-million-ton-per-year 
scale have been proposed in the United Kingdom, 
Australia, Germany, Norway, Canada, China, and 
the U.S. CO, capture projects are also under way in 
Brazil, India, Malaysia, and Germany, and geologi- 
cal storage projects are under way in Australia. 

One innovative CCS plant, now in the plan- 
ning stages, is proposed for Linden, New Jersey, 
near New York City. It combines electricity genera- 
tion from the burning of coal with the production 
of fertilizer. Because the New York City market has 
very high electricity rates, the plant expects to be 
profitable by selling electricity during peak-pricing 
periods, and then—with the flip of a switch— 
producing fertilizer until the next peak-pricing 
period. Essentially all of the CO, would be captured 
and transported by pipeline 70 miles offshore, 
where it would be injected one to two miles beneath 
the bottom of the Atlantic Ocean into a sequestra- 
tion site that has all the appropriate geological, 
geophysical, and geochemical characteristics. 

The only large CCS demonstration project 
planned for the United States—called FutureGen— 
was announced in 2003. It was canceled in early 
2008 because of large cost overruns and what many 
regarded as muddled objectives. A frequent criti- 
cism from wags was “too much future, too little 
gen.” It is currently being restarted after yet more 


AT VATLENFALL'S PILOT CCS PROJECTIN-GERMANY, 
CO. 1S COMPRESSEDINTOITSLIQUIDLIKE 
SUPERCRITICAL STATE IN PREF 
UNDERGROUND SEQUESTRATION. 


money was appropriated to it by Congress. 

Part of the argument for spending enormous 
sums of taxpayers’ money to facilitate continued 
reliance on coal as the primary source of electricity 
in the U.S. is based on the widespread assumption 
that the U.S. has a sufficient supply of coal to last 
for 250 years, and that the supplies available in sev- 
eral countries elsewhere in the world are similarly 
large. However, the National Research Council, 
echoing the assessments of other energy experts, 
concluded in 2007, “It is not possible to confirm 
the often-quoted suggestion that there is a suffi- 
cient supply of coal for 250 years.” 

China, which burns twice as much coal as the 
United States, is already experiencing episodic coal 
shortages and is importing larger amounts from 
Australia and elsewhere. India is also experiencing 


shortages, although shortages in both China and 

India are principally problems in the supply chain. 
Although these supply constraints on coal 

will be more significant in the future, they should 


already be seen asa factor in our decision-making 
regarding future electricity-generating capacity. 
Limited supplies will drive up the price, even as the 
prices for photovoltaic electricity and other renew- 
able sources continue to come down. 

Because of the scale of CCS operations neces- 
sary to handle the enormous volumes of CO, now 
being emitted from power plants, and the expected 
difficulties in integrating all phases of the opera- 
tion while assuring the safety of sequestration sites 
over periods of time far longer than commercial 
ventures can typically handle, many—including 
the expert panel at M.I.T.—have recommended the 


establishment of a new federal government entity 
to oversee and monitor all aspects of CCS. 

Legislation pending in the U.S. Congress in 
2009 provides $10 billion for the study, demonstra- 
tion, and early deployment of CCS, this on top of an 
additional $6 billion in subsidies enacted over the 
previous four years. 

Many environmentalists have expressed sup- 
port of robust and vigorous research and develop- 
ment to determine whether or not CCS can become 
a practical option as part of civilization’s arsenal to 
combat the climate crisis. What is needed now are 
large-scale demonstration projects in several dif- 
ferent kinds of underground geologies in order to 
determine how realistic this idea might be for the 
enormous volumes of CO, that would have to be 
captured and safely stored over the long term. 

Most experts who have studied the CCS option 
have concluded that it is probably impracticable 
for many years to come, because the technology 
for capturing CO, would either require a dramatic 
increase in the overall use of coal and gas for the 
same amount of electricity, or sharply reduce the 
amount of electricity obtained from burning the 
same amount of fuel as at present—and because Be Net ee 
every one of the potential geological repositories = s ¥ Ae ' tsi OE RTS en ar a, 


- 


presents a unique and extremely difficult challenge 
in characterizing its geology deep underground and 
estimating both storage capacity and the safety of 
storing CO, there. 

There is actually a fairly simple solution to 


resolving all the questions and uncertainties about 
whether CCS is economically plausible and, if so, 


which techniques are the best ones to use: put a 


high price on carbon. When the reality of the need 


to sharply reduce CO, emissions is integrated into 


all market calculations—including the decisions 


by utilities and their investors—market forces will 


drive us quickly toward the answers we need. 
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In the world’s debate over how to produce electricity without generating massive 
quantities of greenhouse gas pollution, there is a radioactive white elephant in 
the middle of the room: nuclear power. 

The idea of using controlled nuclear fission as a source of heat to turn electric 
turbines generated enormous enthusiasm during the first quarter-century after 
World War II. The Atomic Energy Commission predicted at the end of the 1960s 
that the United States would have more than 1,000 nuclear power plants oper- 
ating by the year 2000. But only a tenth of that number were ever built. Nuclear 
power, once expected to provide virtually unlimited supplies of low-cost electric- 
ity, has been an energy source in crisis for the last 30 years. 


A massive study of the future of nuclear power nuclear reactors increased from 56 percent in the 
by the Massachusetts Institute of Technology in 1980s to 90 percent during the last seven years. As 
2003 (updated in 2009) concluded that: “Nuclear aresult, the amount of electricity produced by the 
power could be one option for reducing carbon existing fleet of U.S. reactors has increased steadily 
emissions. At present, however, this is unlikely: for the last decade. 
nuclear power faces stagnation and decline.” Nevertheless, the industry remains moribund 

The arguments in favor of nuclear electricity, in the United States, and its worldwide growth 
once very convincing, are still seductive. One has slowed dramatically, with no new units but 
pound of uranium contains as much energy as instead an actual decline in global capacity and out- 
three million pounds of coal. Safety in the opera- put in 2008. Private investments in new nuclear 
tion of nuclear plants has improved, and public power plants ordered after 1972 came to a screech- 
acceptance of nuclear power has increased some- ing halt in the 1970s, and most of the reactors 
what. The expected lifetime of most older plants then on the drawing boards were canceled or 
has been extended in the licensing process from delayed indefinitely. In the United States, no 
40 years to an estimated 60 years. The growing nuclear power plants ordered after 1972 have 
prospect of a price on CO, will increase the com- been built to completion. 
petitiveness of electricity produced from reactors Nuclear power plants generate heat through 
relative to that produced from fossil fuels. Nuclear a controlled fission chain reaction. Uranium is 
power plants offer the promise of modestly the heaviest natural element in the earth, and as 
reduced dependence on foreign energy sources a result, the strong force that holds together 
because of increasingly hopeful prospects that a the nucleus of all atoms is attenuated and 
major portion of the U.S. automobile fleet will weaker because its nucleus holds 92 protons 
shift from oil-based fuel to electricity. The average (compared with only one in the nucleus of a 


“capacity factor” of the U.S. fleet of existing hydrogen atom). This allows a uranium atom to 
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be split apart more easily when it collides with 
a neutron. 

When the nucleus of a uranium atom splits, it 
releases a large amount of energy in the form of 
heat and radiation. It also releases two or three of 
its neutrons, which collide with the nuclei of other 
nearby uranium atoms, thus causing continuing 
releases of heat, radiation, and yet more neutrons 
in the well-known process called a chain reaction. 
This process can be modulated by inserting “con- 
trol rods” (made of cadmium, boron, indium, silver, 


HOW A NUCLEAR REACTOR WORKS 


or hafnium) into a reactor, which absorb some of 
the flying neutrons that would otherwise split 
apart yet more uranium atoms. 

By using these control rods, engineers can reg- 
ulate the levels of heat that build up inside the con- 
tainment vessel at the core of a nuclear reactor. 
This heat is used to boil water, thereby powering 
steam-driven electric turbines, which produce 
electricity. Many reactors first transfer the heat 
to water held at high pressure and then transfer 
the heat in this pressurized hot water to a second 


In the reactor core, uranium atoms are split in a chain reaction, slowed with control rods. The chain reaction releases 


gamma rays that create high-energy heat, which heats water. Radioactive hot water is run through pipes past cold water to 


create steam that drives a turbine, generating electricity. Waste heat, as steam, is released from the cooling tower. 
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supply of water, which turns into steam without 
becoming radioactive. 

This design (called a pressurized water reactor) 
is the basis for two thirds of the nuclear power 
plants in the United States and more than 60 per- 
cent worldwide. The remainder of the reactors 
in the United States are “boiling water” reactors. 
Other variations on the same basic design are used 
in several other countries, including “heavy water” 
reactors and gas-cooled reactors. 

In the popular imagination, the blame for 
all the problems of the nuclear industry is often 
assigned to two factors: first is the combined effect 
of the well-publicized accident at Three Mile 
Island, near Harrisburg, Pennsylvania, in March 
1979 and, seven years later, the far worse accident 


at Chernobyl, near the border between Ukraine and 


Belarus. The second factor is the long-running and 
still unresolved dispute over what to do about long- 
term storage of radioactive waste that remains 
dangerous for many thousands of years. 

Both of these problems are real, and both can 
almost certainly be solved eventually. Yet neither 
represents the real cause for the sharp decline of 
the nuclear power industry. Instead, two other 
problems—problems that may not be as susceptible 
to solution—are primarily responsible for blocking 
the once hoped-for expansion of nuclear power. 

First, the driving force that has converted once 
vibrant nuclear dreams into debilitating night- 
mares for electric utilities has been the grossly 
unacceptable economics of the present generation 
of reactors. To begin with, the cost of constructing 
nuclear power plants has escalated wildly, to the 
point where most utilities have long since aban- 
doned any idea of ordering new reactors. By 1985, 
Forbes magazine had concluded: “The failure of the 
U.S. nuclear power program ranks as the largest 
managerial disaster in business history, a disaster 


ona monumental scale,” and added, “For the 
United States, nuclear power is dead—dead in the 
near term as a hedge against rising oil prices and 
dead in the long run as a source of future energy. 
Nobody really disputes that.” 

Some in the nuclear industry actually do 
dispute that conclusion. The industry itself points 
to other reasons for its decline. Often cited is the 


In 1988 I visited Chernobyl and saw the reactor that 


had melted down two years earlier. | walked through the 
adjacent ghost town, Pripyat, that is still eerily silent. 
According to the U.S. Nuclear Regulatory Commission and 
the International Atomic Energy Association, an estimated 
4,000 people will ultimately lose their lives because of 
the accident at Chernobyl, which released more than 

100 times as much radiation as the atomic bombs dropped 
on Nagasaki and Hiroshima. Three hundred and fifty thou- 
sand people were forcibly resettled. More than 1,400 miles 
away in the United Kingdom, Wales suffered harmful effects 
from the accident. A quarter-century later, it still is not 
safe to eat sheep from some areas of Wales. 
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length of time required for regulatory approval— 
even though regulatory processes have been 
streamlined and redesigned to the industry’s liking. 
Continuing safety concerns (complicated by the 
loss of key expertise within the nuclear construc- 
tion business) maintain pressure on regulators to 
avoid dangerous shortcuts. 

Fora long time, supporters of nuclear power 
have pointed to perceived successes in France, 
South Korea, and some other countries as evidence 
that the technology itselfis still attractive and 
should still be viewed as an option of choice in the 
United States and elsewhere in the world. 

France, which receives more than three quar- 
ters ofits electricity from nuclear reactors, is often 
cited as a nuclear power success story. Less known is 
the fact that the French program is almost entirely 
owned by the French government, with most of 
its electricity sold to the government. The degree 
of government subsidy is difficult to ascertain 
because ofa lack of transparency in the finances of 
the operation. France is ahead of the United States 
in solving the problem of where to store long- 
term nuclear waste—though it relies on the con- 
troversial and expensive process of reprocessing— 
and has thus far compiled an impressive record of 
safety and reliability. However, it is now appar- 
ently facing serious financial difficulties. Moreover, 
the new modular reactor design it is building in 
Finland, which was supposed to be faster to con- 
struct and both cheaper and safer to operate, is 
now far behind schedule and way over budget. 

The estimated cost of building a nuclear power 
plant rose from around $400 million in the 1970s 
to $4 billion in the 1990s, while construction times 
doubled during the same period. Even before the 
global economic downturn that began in 2008, cost 
estimates for constructing nuclear power plants 
were increasing at a rate of 15 percent per year 


(which means the cost ofa new power plant at time 
of completion would potentially increase tenfold 
yet again in less than 17 years). 

Incredibly, it is now difficult to find a single 
reputable engineering firm in the United States 
or Europe willing to stand by any estimate of how 
much it will cost in today’s world to build a new 
nuclear power plant. 

As Steve Kidd, the director of strategy and 
research for the World Nuclear Association, wrote 
last year in Nuclear Engineering International, 
“What is clear is that it is completely impossible to 
produce definitive estimates for new nuclear costs 
at this time.” Experience has shown that each year 
of additional delay in the construction of a nuclear 
power plant adds another estimated $1 billion to 
the cost. 

Asa young congressman from Tennessee in 
the late 1970s and early ’80s, I watched this deba- 
cle firsthand as it unfolded in the seven-state area 
served by the Tennessee Valley Authority. TVA, 
which had been present at the birth of the nuclear 
industry in the 1940s (and provided all of the elec- 
tricity for the enrichment of uranium in Oak Ridge, 
Tennessee), had been one of the most enthusiastic 
supporters of nuclear energy. During the 1960s and 
early ’70s, TVA ordered 17 nuclear power reactors 
at a time when electricity use was increasing at the 
tate of 7 percent per year. 

In the fall of 1973, the OPEC embargo drove oil 
prices sky-high, leading to sharp increases in the 
price of coal (the demand for which increasedas it 
was substituted for oil) and, thus, to much higher 
electricity costs. In response to these increasing 
costs, electricity use leveled off. 

Moreover, President Richard Nixon’s Project 
Independence and President Jimmy Carter’s inno- 
vative policies promoting energy conservation, 
efficiency, and renewable energy were both part of 


a national shift toward a permanently lower ratio 
of energy consumption to economic output. 

When the smoke cleared, electricity demand 
settled into a slower growth rate of 1 to 2 percent 
per year, which eventually led TVA to cancel 10 of 
the plants it had ordered and to defer another. 
The overall cost of electricity from TVA continued 
to rise dramatically, partly because the cost of 
the unfinished reactors had to be included in the 
rates charged for electricity from existing generat- 
ing plants. Other utilities had similar experiences. 
Overall, 138 nuclear power reactors were canceled 
in the United States in the 1970s and ’80s, although 
a few older plants ordered prior to 1974 have since 
been completed after a hiatus in construction. 

Of the 253 nuclear power reactors originally 
ordered in the United States from 1953 to 2008, 
48 percent were canceled, 11 percent were 
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SPAIN‘STOPPED THE BUILDING OF NEW NUCLEAR 
POWER PLANTS IN 1984. THIS FACILITY IN ARMINTZA 
HAS REMAINED UNFINISHED EVER SINCE. 


prematurely shut down, 14 percent experienced 
at least a one-year-or-more outage, and 27 percent 
are operating without having experienced a year- 
plus outage. Thus, only about one fourth of those 
ordered, or about half of those completed, are still 
operating and have proved relatively reliable. 

The long hiatus in nuclear construction after 
the Three Mile Island accident led to the loss of 
experienced personnel and a deterioration of cru- 
cial expertise. Engineers’ doubts about the future of 
the nuclear industry discouraged them from acquir- 
ing the training and expertise to make the industry 
a career option—again reinforcing utilities’ doubts 
that critical personnel would be available for build- 
ing and operating nuclear power plants. More than 
one third of the remaining nuclear power work- 
force in the United States is eligible for retirement 
by 2012. Thirty years ago, there were 65 academic 


158 OUR CHOICE 


nuclear-engineering programs in the U.S. Today, 
there are fewer than 30. 

Moreover, doubts about the future of the 
nuclear power industry have also discouraged large 
investments in manufacturing capacity critical for 
expansion. Today, for example, there is only one 
company in the world able to build the key portion 
of a nuclear reactor containment vessel. Located 
in Japan, it is capable of producing no more than 
four such containment vessels ina year. Although 
this capacity is being doubled and other companies 
could build new, specialized foundries, the cost of 
doing so is very high in both money and time, and 
other industries compete for similar products from 
the same suppliers. Doubts that investments in 
new foundries will be made, in turn, further rein- 
force doubts by utilities that they will be able to 
rely on projections concerning how much time and 
money it might take to build new nuclear reactors. 

There are other bottlenecks in almost every 
part of the manufacturing supply chain. Suppliers 
of parts are reluctant to make them ifthey are 
uncertain of receiving orders, but utilities won’t 
place orders if they’re uncertain of receiving fund- 
ing. And investors won’t provide funding if there 
are supply shortages and bottlenecks that will 
lead to increased cost and time of construction. 
The resulting need to order parts from new man- 
ufacturers also poses difficulties for quality and 
safety assurance. 

Adding to these problems is the unfortu- 
nate fact that, with a few exceptions, each of the 
436 nuclear reactors now operating in the world 
has its own “one-off” design. The lack of stan- 
dardization has further added to the cost of engi- 
neering and construction, while complicating the 
effectiveness of training and the maintenance of 
safety protocols, which must be approached ina 
distinctive way for each distinctive design. The 


need for increased standardization has been recog- 
nized as an imperative since the cancellation of so 
many reactors in the early 1980s. South Korea has 
led in this respect in its national program, while 
U.S. regulators are pushing hard in the same direc- 
tion. But even France’s strong national control 

and standardization efforts have not shielded its 
nuclear program from major escalation in real capi- 
tal costs and construction times. 

There are also doubts about the future of elec- 
tricity demand in an era characterized by renewed 
interest in efficiency, conservation, and renewable 
energy. This uncertainty about demand discour- 
ages utilities with limited construction budgets 
from placing enormous bets on huge, expensive, 
time-consuming nuclear projects. The reluctance to 
make large, slow-to-mature investments is further 
complicated by the fact that, at present, nuclear 
power plants come in only one size: extra large. 

In the early years of the nuclear power indus- 
try, Most reactors were smaller than the giant ones 
common today. But early disappointments over the 
difficulty in producing electricity at a low-enough 
cost to compete with coal led nuclear power manu- 
facturers to increase the size of their plants to 1,000 
megawatts and more—up to 1,600 megawatts—in 
an effort to reduce costs by maximizing economies 
of scale. Unfortunately, utilities underestimated 
the additional cost required to master the new con- 
struction complexities of the much larger size. 

When utilities took over management of 
nuclear power plant construction from the special- 
ized contractors who had built turnkey reactors in 
the industry’s early stages, they were unprepared 
for the extraordinary management challenges 
they confronted. In practical terms, there is a wide 
gulf between the culture and practice of nuclear 
physics, on the one hand, and the culture and 
practice of welding on the other. Bridging that gulf 
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NUCLEAR POWER AROUND THE WORLD 

There are currently 436 active nuclear reactors around the world, with a capacity to generate approximately 372 gigawatts 
of electricity. All told, 30 countries have at least one nuclear reactor. The United States, with 104 active reactors, has almost 
twice as many as France, with 59, and Japan, which has 53. Russia has 31 reactors, and another 35 are in former Soviet Bloc 
nations, including Ukraine, which has 15. South Korea has 20. The United Kingdom has 19, followed by Canada with 18. 
Germany and India each have 17. 

Within the U.S., 30 of the 50 states have nuclear power plants. Illinois generates the most electricity from nuclear 
power plants, followed by Pennsylvania, South Carolina, New York, Alabama, Texas, and North Carolina. As a group, U.S. 
nuclear reactors are responsible for almost 31 percent of all nuclear-generated electricity in the world. 

There are 52 more plants now under construction in 14 countries, including 16 in China, nine in Russia, six in India, 


and five in South Korea. 
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NEXT-GENERATION NUCLEAR 


Some experts believe the most promising new approach 
isa“pebble bed” reactor based on a German design from 
the 1960s. Rather than using fuel rods, each day 3,000 
“oebbles’ of uranium oxide are added to the 360,000 
pebbles already in the reactor’s core, replacing those 
that are removed from the bottom as spent fuel. Each 
fuel pebble contains thousands of “kernels” of uranium 
dioxide, each encased in silicon carbide and a pyrolytic 
coating. The entire pebble, about the size of a billiard 
ball, is enclosed in a graphite shell that can withstand 
temperatures of up to 2,800°C (5,000°F)—far higher 
than the maximum reaction temperature. 

This process would, in theory, make it possible 
to collect the heat with helium flowing freely through 
the spaces left between the spheres as they sit, in the 
description of one physicist, “like gumballs ina giant 
gumball machine.’ This elegant combination of the 
heaviest metal in nature—uranium—and the light- 
est inert gas—helium—could make the entire process 
much safer, because helium picks up heat without 
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becoming radioactive; it’s this heated helium gas that 
turns the generating turbine. 

One advantage hoped for from this approach Is 
the elimination of any need to stop the reactor for 
refueling. Moreover, because the pebbles are less 
likely to catch fire and are more difficult to use in 
making nuclear weapons, this design is expected to 
appeal to those worried about accidents and prolifera- 
tion. Equally important, it is said to be inherently 
“meltdown-proof” because the pebbles themselves 
absorb excess neutrons if the temperature begins to 
climb toward unsafe levels. 

One potential problem is a shortage of helium. If 
many pebble bed reactors were to be built, the sup- 
ply of helium could well become a bottleneck limiting 
the design's scalability. China has a small experimen- 
tal model, and South Africa may soon build a prototype 
plant. But most experts believe that even successful 
development of this option would not lead to commer- 
cial plants until at least 25 years from now. 
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was easier during the early period of reactor con- 
struction, when scientists and engineers from the 
military and the Atomic Energy Commission main- 
tained seamless control over all steps in the process. 
The shift in management responsibility to utilities 
with multiple private suppliers and parts subcon- 
tractors opened seams in the culture and ethos of 
the nuclear design and construction process. 

When bottlenecks appeared in response to 
uncertainty about the scale and continuity of 
nuclear construction, the search for new contrac- 
tors and subcontractors put further strains on the 
integrity and reliability of the process. 

Wild swings in the macroeconomic environ- 
ment also introduced inflationary surges in the 
price of all of the commodities necessary for the 
completion of large-scale projects, including not 
only steel, concrete, and engineering and design 
services, but capital availability as well. When 
extended construction times and rising costs 
destroyed confidence in the reliability of contract 
terms at the beginning of projects, utilities 
began to worry about the impact of new reactor 
purchases on their credit ratings and on their cost 
for capital generally. 

The second major problem slowing the spread 
of nuclear reactors around the world is the deep 
concern about nuclear weapons proliferation. 

During the eight years I worked in the White 
House, every nuclear-weapons-proliferation 
problem we faced was connected to a reactor pro- 
gram. This would have been surprising to nuclear 
enthusiasts in the 1950s and ’60s. They genuinely 
believed that the scientific and engineering chal- 
lenges involved in building nuclear weapons were 
so different from those necessary to build a nuclear 
power plant that it would be relatively easy to build 
electricity-generating reactors without increasing 
the risk of putting nuclear-weapons-construction 


capability into the wrong hands. 

However, designs for nuclear weapons are 
now—unfortunately—easily available to those 
who search for them. And while specialized tools 
necessary for the fabrication of key components 
of a nuclear weapon are difficult to come by and 
are monitored as carefully as possible, the most 
crucial element of a nuclear bomb is fissionable 
material. Here again, old assumptions are no 
longer reassuring. 

While it is true that the enrichment of nuclear 
material for weapons is far more difficult than 
the enrichment of material for nuclear reactors, 
advances in enrichment technology have made it 
much more feasible for nations with a supply of 
reactor-grade fissionable material to further enrich 
it to the point where it can be used in a weapon. 
Ateam of scientists and engineers capable of man- 
aging a nuclear reactor program and at least part 
of the nuclear fuel cycle can be forced by a dicta- 
tor to work secretly on a nuclear weapons program. 
Indeed, that is the principal way nuclear weapons 
have proliferated in the last 25 years. 

The flow of nuclear materials from reactor- 
fuel use to weapons use can also move in the 
opposite direction. In 1998, I participated in negoti- 
ating an agreement between the United States and 
Russia to dismantle large numbers of nuclear weap- 
ons in the arsenals of both countries. This resulted 
in asurplus of material that could technically be 
converted to fuel for civilian nuclear reactors. 
Unfortunately, this conversion has proved to be 
difficult in practice, and the surge of potential sup- 
ply has unsettled and destabilized the market for 
reactor fuel. 

Numerous research-and-development teams 
are hard at work trying to solve the debilitating 
problems with the present generation of nuclear 
reactors by coming up with new designs. They hope 
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the next reactors will be cheaper to build, safer 
and cheaper to operate, far less vulnerable to cata- 
strophic events, less vulnerable to terrorism, and 
economical in smaller sizes—which will make 
them more attractive to utilities facing an uncer- 
tain future for electricity demand. 

There are more than 100 other new reac- 
tor designs for so-called Generation IV nuclear 
plants—including “sodium fast reactors” (or “inte- 
gral fast reactors”), which use liquid sodium as 
a coolant. One variation on the South African 
design, now being explored at the Idaho National 
Laboratory, is a very high temperature reactor. 

At any rate, whatever option the United States 
and other wealthy, developed nations choose as 
a strategy for solving the climate crisis will serve 
as an influential model for the efforts of other 
nations worldwide. That being the case, it is dif- 
ficult to imagine the developed nations could get 
away with saying, “Nuclear power is our choice, but 
we're not going to let you use it because of our con- 
cerns about nuclear weapons proliferation.” 

Yet, if the world were to decide to make 
nuclear power the silver-bullet option of choice 
for electricity production, thousands of additional 
reactors would be built. And many of them would 
be placed in countries that most people would 
agree should not possess nuclear weapons. 

One potential and often proposed answer to 
this problem is the establishment of an interna- 
tional authority under the control of developed 
nuclear nations that would supply safeguarded 
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nuclear fuel for reactors in less-developed coun- 
tries. The terms of this transaction would assure 
that the fuel always remained under the control of 
the developed nation that supplied it. When spent, 
the fuel would be removed and replaced with a 
fresh supply, again on terms that ensured that it 
was never under the control of the developing 
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nation. However, most developing countries pre- 
sented with such an option have turned it down, 
fearing that such an arrangement would put their 
domestic power programs under the control of 
other nations. 

Another problem with making nuclear power a 
silver-bullet option is that a massive expansion of 
the number of reactors in use around the world 
would stretch the supplies of available fuel. 
Significantly larger numbers of reactors would 
place pressure not only on current uranium stock- 
pile reserves but also on the world’s limited ability 
to quickly and safely expand uranium mining and 
processing operations. Presently, a long lead time is 
necessary to open new uranium mines. More than 
half the people employed in the uranium-mining 
business currently work on the constant cleanup of 
operations in order to prevent the health and envi- 
ronmental challenges that would otherwise result. 

Nuclear enthusiasts offer an answer to this 
potential shortage of processed uranium: repro- 
cess the spent fuel from reactors in order to extend 
its useful life. After all, they say, current reactors 
use only 1 percent of the available energy in the 
uranium ore, and reprocessing is already being 
undertaken in Russia, parts of Europe, and—as of 
2008—Japan. However, this is a process that sepa- 
rates and recycles plutonium and then transports it 
for use in reactors. 

Many supporters of nuclear power have long 
argued in favor of reprocessing spent fuel in order 
to create new supplies that can be put back into 
reactor cores. This approach has been labeled “recy- 
cling” and has sometimes been promoted as an 
alternative to using long-term repositories. This 
argument is highly misleading, however, because 
reprocessing actually increases the overall volume 
of waste, even though it does reduce the volume 
of high-level waste. Granted, reprocessing would 


extend the uranium resources available in the 
world to be used in nuclear power plants and would 
allow the tailoring of waste streams for reposito- 
ries. But reprocessing also adds significantly to the 
cost of the nuclear fuel cycle and still requires long- 
term repositories. 

More significantly, reprocessing produces 
plutonium, which can be used to make nuclear 
weapons. This controversial option could result in 
much wider availability of even more dangerous 
nuclear material, together with the skills, knowl- 
edge, and equipment to apply it for both civil- 
ian and military use. Under such circumstances, 
it would be considerably more difficult to limit 
nuclear proliferation and to keep nuclear weapons 
out of the hands of terrorists desiring to commit 
mass murder on a horrific scale. 

Currently, flows of plutonium do not have 
adequate safeguards against diversion. Harvard 
professor Matthew Bunn, the leading expert on 
the current set of global safeguards, describes 
these measures as completely inadequate. He says 
that the world should place a high priority on 
dramatically strengthening the global nuclear- 
security regime. The current international safety 
regime, Bunn points out, is “entirely voluntary.” 

The risk is further enhanced by organized 
efforts to obtain plutonium on the part of al Qaeda 
Iran, North Korea, and those who have been iden- 
tified with the A.Q. Khan network in Pakistan. 
Professor Graham Allison of Harvard, a leading 
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expert on nuclear proliferation and terrorism, pre- 
dicts that unless significant additional safeguards 
are quickly put in place, the chance of a terrorist 
group detonating a nuclear weapon ina U.S. city 
during the next 10 years is So percent. 

In any case, an increasing number of experts 
have concluded in recent years that reprocessing 
is a dangerous and poor choice. As the experts 
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at M.LT. recently pointed out, “We know little issue that is raised whenever controversial projects 
about the safety of the overall fuel cycle, beyond are sited is a more serious obstacle for long-lived, 
reactor operation.” highly radioactive nuclear waste. There is an inter- 
At the other end of the nuclear fuel cycle, the national consensus on the advisability of storing 
challenge of storing the waste generated by nuclear nuclear waste in deep underground repositories in 
reactors has all but paralyzed the political process locations selected for their long-term geological 
in the United States and several other countries stability and safety, tectonic stability, and lack of 
for decades. The well-known “not in my backyard” risk posed by groundwater content and flow. These 


RELATIVE CO, FOOTPRINTS OF ELECTRICITY SOURCES 

Much of the new enthusiasm for nuclear power is based on the perception that it is a carbon dioxide-free source of electric- 
ity. But that is not entirely correct. The life cycle of a nuclear power plant—from the construction of the plant to the min- 
ing and milling of the uranium fuel to the transportation and storage of nuclear waste and the eventual decommissioning 
of the plant—produces a good deal of CO;. When all of that CO; is allocated among the kilowatts of electricity produced by 
an average plant during its lifetime, the amount per kilowatt hour is still much less than what is emitted during the gener- 
ation of electricity produced from coal. However, the CO, associated with nuclear plants is many times more than that 


associated with generating electricity from wind, solar, or hydroelectric power, according to the same life-cycle analyses. 
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sites must be sufficiently deep, with a perimeter 
sufficiently far from population centers, yet acces- 
sible to transporters of the waste. 

In spite of the global consensus on the appro- 
priateness of this storage technique, however, no 
nation in the world has yet opened such a site. 
Since the most dangerous nuclear waste products 
have a half-life of hundreds of thousands of years, 
the phrase long term takes on an entirely different 
dimension when evaluating each potential disposal 
site. Sweden and Finland have selected geologic 
repositories that appear to be appropriate and have 
secured public approval. France has also selected 


UNLOCKING NUCLEAR FUSION 


There has been excitement for many years about 

the potential of a different form of nuclear energy: 
fusion. While conventional nuclear reactors generate 
heat by splitting heavy atoms, fusion produces much 
larger amounts of heat by combining light atoms. 
The atomic bombs used at the end of World War || 
were based on fission, while the much more powerful 
hydrogen bombs built during the Cold War relied on 
fusion ignited by fission. Fusion is also the underlying 
process by which the sun produces heat and light. 
Although enormous sums have been spent inthe 
effort to develop a practical form of fusion power, 
early enthusiasm has long since given way to a sober 
assessment that a usable process is still at least 
several decades away. 

Researchers continue to explore two basic 
approaches: the magnetic confinement of the atoms 
to be fused, and inertial confinement, which uses high- 
intensity lasers to trigger fusion. The Tokamak fusion 
project at the Princeton Plasma Physics Laboratory 
has made slow progress for several decades. The 
new National Ignition Facility at Lawrence Livermore 
National Laboratory, which opened in the spring of 2009, 
is the leading facility exploring inertial confinement. 


a repository site and plans to open it by 2025. All 
other countries are behind the United States in 
their planning. 

The U.S. Nuclear Regulatory Commission sepa- 
rates nuclear waste into four categories: the first— 
“high-level waste”—is the used nuclear fuel com- 
ing out of reactors. A typical 1,000-megawatt light- 
water reactor produces approximately 27 tons of 
high-level waste each year. Advocates of expanding 
the nuclear option point out that this compares 
with 400,000 tons of toxic coal ash produced ina 
typical coal-fired generating plant each year. 
Around 10,000 cubic meters of high-level waste 


The National Ignition Facility at Lawrence Livermore National 
Laboratory will begin conducting experiments in 2010. At 

its center is this 10-meter target chamber, where scientists 
hope to achieve fusion ignition with lasers. 
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is created globally each year by the nuclear power 
industry. Though it represents only 3 percent of the 
total radioactive waste from reactors, it contains 
95 percent of the radioactivity. And this is the 
waste stream that has created political gridlock 

in the United States. 

The second category—“low-level waste” —is 
produced in much higher volumes, most of which 
(as the name implies) is far less radioactive. It 
includes contaminated clothing, filters, rags and 
tubes, tools, and other items. In some cases, this 
category includes parts from inside the reactor con- 
tainment vessel that are very highly radioactive. 

The third category—called “waste incidental to 
reprocessing”—is one created by the Department 
of Energy for by-products associated with the 
reprocessing of spent nuclear fuel. 

The fourth category—“uranium mill tailings” — 
includes waste products produced by the process- 
ing of uranium ore into reactor fuel. These tailings 
contain radium, which hasa half-life of more than 
a thousand years. Uranium-238, the most common 
form of uranium in nature, contains three addi- 
tional neutrons in each atom compared with 
uranium-235, the rarer form that is used in the 
fuel for most reactors. 

Though most of the controversy surrounding 
nuclear waste has involved the selection ofa long- 
term repository, much of the near-term risk is in 
transportation of large quantities of radioactive 
waste from reactors to storage sites. 

When the U.S. government, responding to 
the continuing stalemate of its effort to finalize 
along-term repository, tried to create a short- 
term repository where waste could be stored until 
the long-term repository could be completed, yet 
another controversy erupted. This effort produced 
additional opposition in all of the potential short- 
term sites. Critics observed that the architecture of 


WATER DEMANDS OF ENERGY PRODUCTION 
Most nuclear plants require large volumes of water, 
principally for cooling. About 25,000 to 60,000 gallons 
of water are required for each megawatt-hour of electric- 
ity produced by a nuclear power plant using an “open- 
loop” cooling system, only 445 to 870 of which are actually 
consumed in the process, depending on the type of plant. 
Plants using a “closed-loop” system require much less 
water but still consume just as much. These flows do not 
pick up radioactivity, but the water—now much hotter— 
is returned to the rivers, lakes, or seas from which it is 
withdrawn, sometimes killing fish and creating other 
problems. Some have proposed ideas for capturing this 


waste heat. 
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this plan would essentially double the risk involved 
by transporting the waste twice: first to the short- 
term repository and then to the long-term reposi- 
tory. For these and other reasons, spent fuel in the 
United States is now typically stored in dry casks 
aboveground at the location of each reactor. 

The selection of Nevada’s Yucca Mountain 
as the prime candidate for the long-term reposi- 
tory naturally produced heated opposition in that 
state. But controversies over the geological safety of 
Yucca Mountain have led to even more opposition. 
Upon closer examination, experts found the site 
to be tectonically active and its geochemical envi- 
ronment to be “oxidizing,” in violation of the crite- 
ria for long-term storage. Additional opposition has 
come from communities along the transportation 
routes that could expect the most traffic in high- 
level waste. 

Although construction of new nuclear power 
plants has all but stopped in the United States, the 
Tennessee Valley Authority has refurbished and 
restarted one of the reactors it shut down more 
than 20 years ago. It has also resumed construc- 
tion on another reactor it had previously ordered 
but mothballed. But no orders for new reactors have 
been placed by any U.S. utility since 1978. 

Even massive new government subsidies and 
/ guarantees have failed to attract much private 
investment back into the construction of new 
nuclear power plants. These subsidies, estimated 
by Rocky Mountain Institute cofounder Amory 
Lovins to total more than $500 billion, include 
construction-loan guarantees; surcharges on rate- 
payers’ electricity bills to fund the continuing 
effort to find a long-term storage solution; 
public guarantees for liability insurance against 
catastrophic accidents; taxpayer-funded insurance 
against legal and/or regulatory delays; cost-sharing 


_ with taxpayers during the licensing process; federal 


research-and-development expenditures (more 
than $150 billion); and public guarantees to help 
cover “stranded costs,” such as unpaid construction 
debt for old nuclear reactors. In response, some 
utilities have once again agreed to take a fresh look 
at the nuclear power option. Seventeen new appli- 
cations for 26 new reactors have been submitted to 
the Nuclear Regulatory Commission, but none yet 
has a commitment for financing and none has 
begun construction. 

Of the 104 reactors operating in the United 
States, 24 are located in areas that are currently 
experiencing severe levels of drought (mostly 
in the southeastern United States). These areas are 
among those where severe drought is expected 
to become much more common as a consequence 
of global warming. Already, aTVA reactor in 
Alabama was forced to briefly suspend operations 
when unusually high temperatures reduced 
stream flow and water levels and limited the A 
ability to withdraw water—and, in some cases, 
limited the ability to return hot water without 
causing fish kills. 

During the historic European heat wave of 
2003, France, Spain, and Germany were forced to 
shut down numerous nuclear power plants and 


— 


reduce the power output of others because of low 
water levels. If, as predicted by scientists, global 
warming has an even worse impact in the years 
ahead on water levels and drought conditions, 
many other nuclear plants on the shores of rivers 
and lakes may soon face periodic—and expensive— 
shutdowns, thus making the cost of nuclear- 
generated electricity even less competitive than 

it is already. 


k 


: 


EACH OF THESE CONCRETE CASKS CONTAINS 
CLEAR REACTORS. THE 
CASKS ARE STILL AWAITING A PERMANENT HOME, 
_FOLLOWING THE CANCELLATION OF THE YUCCA 
MOUNTAIN STORAGE FACILITY IN NEVADA. 


LIVING SYSTEMS 


The CO, emissions from deforestation are second only to the burning of fos- 
sil fuels for the production of electricity and heat as the largest source of global 
warming pollution on the planet. Indeed, an estimated 20 to 23 percent of 
annual CO, emissions—more than that from all the cars and trucks in the 
world—result from the destruction and burning of forests. 

The biggest direct cause of deforestation is the “slash-and-burn” technique 
used to rapidly clear forests for subsistence farming, plantation agriculture, and 
cattle ranches—mostly in tropical and subtropical countries. Norman Myers, the 
distinguished ecologist, recently estimated that 54 percent of current deforesta- 
tion is due to slash-and-burn agriculture, 22 percent to the spreading of palm oil 
plantations, 19 percent to “overheavy” logging, and § percent to cattle ranching. 


The good news is that governments throughout 
the world have now tentatively agreed to efforts 
aimed at sharply reducing deforestation. However, 
they have found that, in order to be successful, the 
world will have to address the underlying causes of 
deforestation, which are: 
> Poverty and population growth in poor 
countries. 
> The ravenous appetite in the globalized mar- 
ketplace for cheap sources of wood and for palm oil 
beef, soybeans, sugarcane, and other commodities 
that large deforesters produce on the land that is 


2 


cleared. 

> The failure of market economics to value living 
forests for anything other than the earnings pro- 
duced by their destruction. 

> The failure of the world community to reacha 
global agreement that puts a price on carbon and 
assists tropical countries in monetizing the true 
value of their forests to the world as a whole. 

> Corruption that undermines the effectiveness 
of existing laws and regulations designed to 


prevent irresponsible deforestation. 

The biggest change in deforestation patterns 
in recent years, according to Myers and others, is 
a significant increase in slash-and-burn farming. 
Whereas the same small groups of people used to 
move from one forest area to another, in recent 
years there has been a large influx of impoverished 
migrants engaging in the practice—particularly 
in the Brazilian Amazon and in the African 
Congo Basin. 

Slightly more than one acre of forests is cleared 
on the earth every second. That amounts to almost 
100,000 acres (38,000 hectares) every day, and 
more than 34 million acres (13.7 million hectares) 
per year—an area the size of Greece. This is partially 
offset by new growth and organized tree-planting 
programs, so the net loss of forests each year 
amounts to 18 million acres (7.3 million hectares). 

This frenzied destruction of forests has a dou- 
ble impact on the climate crisis: first, most of the 
carbon contained in the trees is emitted into the 
atmosphere; and second, the planet loses part of its 


THE PRODUCTION OF CHARCOAL IS ONE CAUSE 
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ability to reabsorb CO, because the forests, once 
destroyed, no longer pull CO, from the air. 

Most people know by now that the largest 
contributors to global warming are China and the 
United States, but many are surprised to learn 
that the third and fourth nations on the list are 
Indonesia and Brazil—where the CO, being emit- 
ted is primarily from deforestation. Astonishingly, 
satellite data analyzed by the World Resources 
Institute shows that more than 60 percent ofall 
deforestation in the world today is occurring in 
Brazil and Indonesia—and is concentrated in the 
state of Mato Grosso in the Amazon and in Riau 


Province and adjacent areas in Indonesia, where 
large peat forests are located. 

The United Nations Food and Agriculture 
Organization, which maintains statistics on defor- 
estation, notes that in recent years the largest 
deforesters in the community of nations—after 
Brazil and Indonesia—are Sudan, Myanmar, 
Zambia, Tanzania, Nigeria, the Democratic 
Republic of the Congo, Zimbabwe, and Venezuela. 
By region, Latin America has lost the most trees 
to deforestation, while Africa is a close second. 
Southeast Asia is third, and North America is a 
distant fourth. 


In Asia and Latin America, the single largest 
cause of deforestation is conversion of forestland 
to large-scale agricultural use. In Africa, the largest 
cause is the conversion of forestland to small-scale 
farms, though large-scale agriculture is increasing 
in Africa as Chinese interests purchase large tracts 
for the growing of food they intend to import in 
the future. 

In Brazil—which by itself is responsible for 
48 percent of all deforestation in the world— 
the practice increased yet again in 2008. Almost 
20 percent of the Amazon forest has already been 
destroyed. (The official Brazilian government 
figure is 17 percent.) After the best wood is 
removed, the remainder is burned to make way 
for cattle and crops. According to a recent report 
by Greenpeace, “So percent of land deforested 
in the Amazon from 1996 to 2006 is now used 
for cattle pasture.” 


TOP 10 DEFORESTING NATIONS 


Brazil has been historically sensitive to any 
efforts by the international community to engage 
the country in agreements that would give the rest 
of the world any say in the future of the Amazon. 
Nevertheless, Brazil has announced a national 
target of reducing deforestation by 70 percent by 
2017. In August of 2008, President Luiz Inacio 
Lula da Silva announced the creation ofa fund and 
a set of new regulations designed to protect the 
Amazon. However, these new regulations are not 
yet being effectively enforced. Carlos Minc, Brazil's 
environment minister, acknowledged the failure, 
saying, “We’re not content. Deforestation has to 
fall more, and the conditions for sustainable devel- 
opment have to improve.” 

Paradonically, while Brazil is destroying 
twice as much forestland each year as Indonesia, 
Indonesia is emitting twice as much CO, from 
deforestation as Brazil—primarily because the 


The problem of deforestation is most severe in developing nations in the tropical latitudes. The map below shows the 


top 10 deforesting countries, measured in acres of forest lost per year. 
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carbon-rich peatlands from which the Indonesian 
forests are being cleared dry up when the tree 
cover is gone and burn much longer when set 
ablaze, emitting far larger quantities of CO, into 
the atmosphere. 

More than 80 percent of the world’s palm oil 
comes from Indonesia and its next-door neighbor 
Malaysia. (During the past decade, Indonesia sur- 
passed Malaysia as the leading supplier of palm oil.) 
In both countries, large peatland forests have been 
cleared of trees and drained to make way for the 
palm oil plantations. In order to accelerate the dry- 
ing process, the developers of these plantations 
burn the peatlands. That is why massive clouds of 
smoke and soot now cover large portions of the 
Southeast Asian archipelago every year during the 
burning season. 

Both countries have enacted subsidies and 
other incentives for the rapid expansion of palm oil 
plantations. Indonesia’s official policy calls for the 
tripling of palm oil plantations by 2020. The offi- 
cial encouragement to develop new plantations has 
enabled some loggers to allegedly use their stated 
intention of growing oil palm trees as a thin excuse 
for simply clearing the timber in what would other- 
wise be protected forests. 

Indonesia and Malaysia share (along with the 
kingdom of Brunei) the large island of Borneo. 
Willie Smits, a conservationist living in Borneo 
who began an effort to save the endangered orang- 
utan and then expanded his focus to restore as 
much habitat as possible for the orangutan and 
the indigenous peoples of the forest, said, “What 
they’re really doing is stealing the timber, because 
they get to clear it before they plant. But the tim- 
ber’s all they want; hit and run, with no intention 
of ever planting. It’s a conspiracy.” 

But most of the land clearing actually does 
result in the establishment of working palm oil 


plantations. The oil palm can bear fruit for 30 years, 
provides employment, and produces more oil per 
acre than any other major oilseed crop. 

Palm oil is not only one of the world’s most 
popular edible oils but can also be mixed with 
diesel fuel to make one of the principal forms of 
biodiesel. Its asserted environmental benefits are 
based on the theory that the organic component 
of the fuel is recycled when the CO, emitted when 
it is burned is later reabsorbed by the growth of yet 
more oil palms. However, extensive research based 
on years of experience with the life cycle of the oil 
palm has proved that the clearing and burning of 
the forests where the trees are grown contributes 
far more CO, to the atmosphere than is ever reab- 
sorbed. This life-cycle analysis is one of several 
factors leading to a reconsideration of the net 
environmental impact of biodiesel, ethanol, and 
other biofuels. 

Indonesia has passed a law subsidizing the use 
of palm oil in Indonesian cars. However, most palm 
oil from both Indonesia and Malaysia is exported to 
North America and Europe to feed the demand for 
biofuels. Ironically, a U.S. tax incentive intended 
for the promotion of biofuels was a significant con- 
tributing factor in the clearing of virgin forests 
for the expansion of palm oil plantations. This tax 
loophole allowed importers of palm oil into the 
United States to receive a $1 per gallon subsidy if 
they added some biodiesel to the palm oil and then 
reexported the blend to European markets, where 
they received additional governmental subsidies 
intended to encourage the use of biofuel. 

The net effect is that U.S. and European tax- 
payers were actively subsidizing the destruction 
of virgin tropical forests in the name of what was 
originally believed to be an environmental benefit. 
Lawmakers in the United States were successful in 
2009 in closing the U.S. tax loophole. 
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WILLIE SMITS: ECOSYSTEM RESTORATION AT ITS BEST 


In 1989 Dr. Willie Smits, a Dutch forestry scientist, 
found a dying baby orangutan in a street market 
garbage heap in Balikpapan, Indonesia, rescued her, 
and nursed her back to health. Two years later, Smits 
founded the Borneo Orangutan Survival Foundation, 
now the world’s largest orangutan anti-extinction 
project. The foundation has helped rehabilitate 1,000 
young orangutans. 

Smits had recently arrived from the Netherlands to 
do tropical forestry research when the baby orangutan 
came into his life. He holds deforestation, especially for 
the harvest of palm oil, accountable for the threat to 
orangutans. Deforestation is also a primary reason that 
Indonesia is one the world’s largest greenhouse gas pol- 


luters, Rain forests have self- perpetuating water cycles: 


water transpires from trees and vegetation, condenses 
into clouds, and then falls again as rain downwind. 
When this cycle is broken by deforestation, the result is 
often increased temperatures and decreased or irregu- 
lar rainfall. Smits’s own data, after seven years of refor- 
esting Indonesia's tropics, shows that the inverse is also 
true: reforestation helps restore the natural rain cycle. 

Since then Smits's foundation has been as much 
about protecting and restoring the Indonesian forest 
as it has been about orangutans. He knew that if he 
wanted to save orangutans, he had to find them a habi- 
tat thick and wide enough to keep populations healthy, 
safe, and far from poachers. To protect the forest, Smits 
made local people the defenders of it, by building a 
conservation zone within an economic system depen- 
dent on the forest's health. 

In 2002, with the Masarang Foundation, Smits 
founded Samboja Lestari (“Everlasting Forest”), a 
5,000-acre reserve 22 miles (35 kilometers) northeast 
of Balikpapan, in one of the region's poorest areas. He 
combined intensive reforestation efforts with agricul- 
ture, planting pineapples, papayas, and beans between 
acacia trees. Growing crops between trees reduces 
competition among trees and helps the ecosystem 
regenerate more quickly. Deep inside this reforested 
area is the orangutan rehabilitation center, far from 
human populations. 

Around the reforested area is a 328-foot (100- 
meter) ring of flood- and fire-resistant sugar palms. 


Dr. Willie Smits with some of the orangutans his Borneo 


Orangutan Survival Foundation has helped. 


These trees serve as an ecological buffer and also as a 
cash crop. The palms are tapped twice daily for sugar 
water that is processed at Masarang’s palm sugar fac- 
tory. Jobs for 3,000 people have been created here. 

Today, Samboja Lestari is home to more than 200 
healthy orangutans. And reforestation seems to have at 
least temporarily reversed some climate trends. Locally, 
the average air temperature has fallen 3 to 5°C (5.4 to 
9° F), cloud cover has increased 11 percent, and rainfall 
is up 20 percent. The land, which had been reduced toa 
near desert, is now home to 1,800 species of trees, 137 
types of birds, and 30 different kinds of reptiles. 

Smits's goal is to put a value on the ecosystem 
that is high enough to keep it intact. To help the orang- 
utans, he is making sure that the forests and the local 
people benefit. 
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Every one of the solutions to global warming is 
difficult because every cause of the crisis is deeply 
ingrained in patterns of behavior, commerce, and 
culture that have built up over long periods of time. 
Every one of the solutions is made more complex 
by the political and geopolitical complications that 
have long frustrated constructive action. In the 
case of deforestation, one of the principal difficul- 
ties has been the deep division in the modern 
world between wealthy, industrialized countries— 
mostly in the Northern Hemisphere—and poorer, 
less-developed countries—mostly in the tropics 
and subtropics. The reasons for this disparity in 


in our atmosphere has come from deforestation 
in past centuries. According to some calculations, 
it was not until the 1970s that fossil fuel use 
overtook deforestation as the leading cause of 
global warming. 

The total forested area on the surface of the 
earth is roughly nine billion acres—covering 
one third of the landmass. Deforestation has 
occurred for many thousands of years—though 
at much lower rates than at present. According 
to the World Resources Institute study, we now 
have only half of the forest cover we had 300 
years ago. The largest areas of forest are found in 


Scientists estimate that more than 

40 percent of the excess CO, that has 
accumulated in our atmosphere has come 
from deforestation in past centuries. 


wealth are, of course, rooted deeply in history and 
geography—and are compounded by the bitter leg- 
acy of colonialism. 

The less-developed countries often point to 
the deforestation of North America and Europe 
during earlier centuries as evidence of hypocrisy 
on the part of wealthy countries that are con- 
demning the ongoing forest destruction in poor 
countries. And of course, they have a point. Before 
the dramatic expansion of oil and coal use in the 
second half of the 20th century, deforestation was 
the largest source of CO, emissions on the planet. 
Even now, scientists estimate that more than 
40 percent of the excess CO, that has accumulated 


Russia, Brazil, Canada, the United States, China, 
Australia, the Democratic Republic of the Congo, 
Indonesia, Peru, and India. Among them, these 
nations account for two thirds of the earth’s total 
forest area. 

One third of all the remaining forests are still 
“primary forests” where human interventions have 
not yet had an impact. Though the total forest area 
continues to decrease, the rate of net loss is begin- 
ning to slow down. 

According to the U.N. Food and Agriculture 
Organization, “Eighty-four percent of the world’s 
forests are publicly owned, but private ownership 
is on the rise.” One third of the world’s forests are 
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primarily used for the production of wood and 
non-wood forest products. 
But there are vast differences between 
the temperate-zone forests of the Northern 
Hemisphere and the tropical forests on either 
side of the equator, which have a much higher den- 
sity of carbon than any other ecosystem on the 
planet—an estimated 49 tons of carbon per acre, 
compared with 26 tons of carbon per acre in tem- 
perate forests. Rain forests represent a special case; 
though they cover only 7 percent of the earth’s 
landmass, they have almost half of all the trees. 
Moreover, the tropical soils underneath these 
rain forests are often surprisingly thin and nutrient 
poor. Although volcanic soils and floodplain soils 
are generally richer, virtually all of the nutrient 


An eroded riverbank in the Amazon reveals how thin some 


tropical soils are. The soil is also usually nutrient poor. Most 
of the rain forest’s nutrients are concentrated in the living 
biomass and in a layer of decomposing organic matter. 


content in many rain forests is contained not in the 
soil but in the green cathedrals of living trees and 
plants above it and in the decomposing litter lying 
on top of the ground. 

And the consequences for biodiversity loss are 
far more severe in tropical rain forests because 
so much of the biodiversity on Earth is contained 
there. An estimated 50 to 90 percent of all spe- 
cies on Earth are found in forests, and the upper 
end of that range is based on the widespread belief 
by biologists that a very large percentage of spe- 
cies are still unknown to science and are clustered 
in tropical forests. These unusually rich reserves 
of biodiversity are being destroyed as animal habi- 
tats shrink. Among the best-known species now at 
risk of disappearing are the orangutan in Borneo, 
the Sumatran tiger, the Asian elephant, some of 
the large primates of Africa (our closest relatives), 
countless potential sources of new medicines—and 
wild relatives of food crops, which depend for their 
survival on occasional replenishments of their 
gene pool (from their distant cousins in the wild) to 
make them resistant to blights and pests. 

The cumulative impact of habitat destruction 
across the surface of the planet is leading to what 
some biologists are now calling the Sixth Great 
Extinction. (See “The Sixth Great Extinction,” 
page 186.) 

Norman Myers said in a speech at an Asia- 
Pacific forestry conference in Vietnam last year: 
“T’m going to give you my bottom-line message 
right now, up front: This is a super crisis that we are 
facing, it’s an appalling crisis, it’s one of the worst 
crises since we came out of our caves 10,000 years 
ago. I’m referring, of course, to elimination of trop- 
ical forests and of their millions of species.” 

Three of the previous five extinctions occurred 
65 million years ago, when the dinosaurs disap- 
peared; 200 million years ago, when 76 percent 


THE ROLE OF FORESTS IN THE CARBON CYCLE 


Forests play a two-part role in the movement of carbon through the ecosystem: by absorbing it from the atmosphere, and 
then by storing it in trees and in the soil. Through the natural process of photosynthesis, atmospheric CO, is taken in 
through tiny openings in leaves and incorporated into the tree or plant. This “fixed” carbon stays intact until plants or 
soils are disturbed, as when trees are burned or the ground is tilled. The process by which forests “inhale” CO, and “exhale” 
oxygen—why forests are often called the lungs of the earth—occurs at a microscopic level. Photosynthesis takes place 
inside chloroplasts, subcells that can number as many as 50 in every plant cell. The chloroplasts contain structures called 
grana, surrounded by an aqueous fluid called stroma. The grana is the home to photolysis, a process that splits water into 
hydrogen and oxygen. The oxygen is released by the plant, while the hydrogen moves into a second process, known as the 
Galvin cycle, which uses the energy produced by photolysis to combine the hydrogen atoms with CO, to create sugars. 


Those sugars make up the building blocks of more complex plant cells where carbon is stored for the long term. 
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of all species went extinct for reasons that scien- 
tists do not yet fully understand; and 250 million 
years ago, when 96 percent of ocean species went 
extinct and two thirds of reptile and amphibian 
families on land became extinct. That largest of all 
extinction events coincided with the convergence 
of all the continents into the single land mass 
known as Pangaea. The two other mass-extinction 
events—neither of which is well understood by 
scientists—occurred 364 million years ago and 
4.40 to 450 million years ago. 

The undervaluation of biodiversity and forest 


THE SIXTH GREAT EXTINCTION 


Most biologists believe that we are now living in the 
sixth great mass extinction in the history of the planet. 
Species are going extinct at many times the natural 
rate—in large part because of the rapid destruction of 
tropical rain forests and unique ecosystems that serve 
as home to as many as 90 percent of the known spe- 
cies on Earth. The distinguished biologist E.0. Wilson 
said in 1986, “Virtually all students of the extinction 
process agree that biological diversity is in the midst 
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LATE ORDOVICIAN 


cover, compared with the economic value of timber 
and subsistence agriculture, has led to serious mis- 
calculations of the net economic impact of defor- 
estation. Indeed, the widespread failure of market 
economics to account for environmental factors is 
particularly acute where the valuation of trees and 
forests is concerned. So long as there is no price on 
carbon, the market system will continue to encour- 
age the massive dumping of CO, into the atmo- 
sphere and the wanton destruction of the forests of 
the earth. Once carbon is accounted for, the value 
of trees in absorbing large quantities of CO, will, in 


of its sixth great crisis, this time precipitated entirely 
by man.” 

Tom Lovejoy, one of the leading experts on bio- 
diversity, has said, “Few dispute the proportion of 
species destined to disappear if current trends 
continue—that is, something close to half” At current 
rates, biologists predict this to occur within the pres- 
ent century unless the world finds a way to halt the 
destruction of forests and other important ecosystems. 
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many cases, far outweigh their value as timber. 

Larry Linden, a well-known expert on forest 
economics, offers the following example, which 
illustrates the absurdity of ignoring the value of 
carbon: A hectare of trees (two and a half acres), 
which is cleared and sold as pastureland, may bring, 
on average, $300. But in destroying that land, 
$15,000 worth of carbon is released into the atmo- 
sphere. (This assumes a carbon price of $30 per ton 
and 500 tons of CO, embodied in the same trees.) 
Linden’s calculations indicate that, worldwide, a 
$30 per ton price on CO, would result in an 80 per- 
cent reduction in deforestation. And at a price of 
$20 per ton, we could achieve a 60 percent reduc- 
tion. (Five-year contracts for CO, are now selling 
for $26 per ton on the European Climate Exchange; 
prices are expected to rise if a global treaty is final- 
ized in Copenhagen.) 

In wealthier countries, common forest man- 
agement practices also typically ignore the 
economic value of the role trees play in sequester- 
ing CO). Larry Schweiger, author of the excellent 
book Last Chance: Preserving Life on Earth, uses 
the illustrative example of white oaks that are har- 
vested when they reach a diameter of 12 inches at 
breast height. But the growth pattern of the white 
oaks is not unlike that of several other deciduous 
trees in the temperate zones of the Northern 
Hemisphere: it grows in a pattern that resembles a 
bell curve. During the early years of the tree’s life, 
there is relatively little carbon sequestered in the 
tree, but as the white oak continues to grow, the 
amount of carbon added to its mass each year accel- 
erates—peaking at an age of 120 years, after which 
the amount of added carbon begins to decline 
slowly until the tree dies. 

If the tree-carbon sequestration curve was rec- 
ognized and valued in the marketplace, the tree 
could still be harvested—though at an older age 


when substantially more carbon had been seques- 
tered. But so long as this extra value to society is 
ignored in the market prices paid for harvested 
trees, the opportunity to sequester far more carbon 
in forests will be lost. 

Even as the world tries to restore the health 
and integrity of forests as a key strategy for solving 
the climate crisis, scientists are expressing increas- 
ing concern about the impact of the climate cri- 
sis itself on the future ability of forests to continue 
sequestering CO,. 


CARBON UPTAKE IN TREES 

The carbon-uptake rate of a tree over its lifetime resembles 
a bell curve, witha slow start over a tree’s early decades 
and a multiyear peak before the rate falls. Paying atten- 
tion to trees’ growth and CO,-uptake rate may suggest 
when trees should be harvested, to maximize the amount 
of carbon they sequester. The curve below applies to trees 
generally; specific species’ uptake rates vary. 
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One of the most significant new findings about 
the vulnerability of forests throughout the world 
to the impact of the climate crisis came in a mas- 
sive study in 2009 by the International Union of 
Forest Research Organizations (IUFRO), which 
concluded that a temperature increase of 4.5°F 
(2.5°C) could cause many forests throughout the 
world to lose their role as net absorbers of CO). 
They might then instead become net contributors 
of CO, to the atmosphere. 

The IUFRO found in its study: “Several projects 
indicate significant risks that current carbon reg- 
ulating services will be entirely lost, as land eco- 
systems turn into a net source of carbon beyond a 
global warming of 2.5°C.... Moreover, since forests 
also release large quantities of carbon if deforested 
or impacted by other degrading stressors, they 
exacerbate climate change further.” 

This appears to have already begun in the 
boreal forests of Canada, according to a study by 
the Canadian Forest Service, which concluded that 
Canadian forests have now become net contribu- 
tors of CO, to the atmosphere. The principal causes 
of this shift in the Canadian forests were rampag- 
ing mountain pine beetles in British Columbia and 
Alberta, which have already destroyed more than 
30 million acres of mature forests. In the U.S., 
seven million acres have already been affected, and 
it is estimated that another 14 million soon will 
be. The beetles are no longer held back by a suffi- 
cient number of cold days to keep them in balance. 
Moreover, wildfires have spread at record rates— 
and the trees are more vulnerable to fire when 
warmer temperatures reduce soil moisture and 
expose the trees to drought as well as beetles. 

Indeed, evergreen forests throughout western 
North America and much of Europe are experienc- 
ing a historic assault from bark beetles and pine bee- 
tles with the lengthening of summer and the sharp 


reduction in the number of cold snaps that kill off 
beetle larvae. The U.S. Geological Survey found in 
January that tree deaths in the old-growth forests 
of the American West have already more than dou- 
bled—a trend they say is likely caused by warming 
in the West and related drought conditions. 

Independent research at the University of 
Arizona at the Biosphere 2 facility has confirmed 
that temperature increases make some trees much 
more likely to die during droughts. Although the 
study raised temperatures 4°C, the experiment 
showed for the first time that warmer tempera- 
tures stress these trees and make them more vul- 
nerable to beetles and drought. 

A team of researchers led by A.L. Westerling of 
the Scripps Institution of Oceanography published 
a study in Science magazine in 2006 documenting 
the fact that “large wildfire activity increased sud- 
denly and markedly in the mid-1980s, with higher 
large-wildfire frequency, longer wildfire durations, 
and longer wildfire seasons. The greatest increases 
occurred in mid-elevation, Northern Rockies for- 
ests, where land-use histories have relatively little 
effect on fire risks and are strongly associated with 
increased spring and summer temperatures and an 
earlier spring snowmelt.” 

Moteover, researchers at the University of 
Tel Aviv found compelling evidence that future 
temperature increases will bring a significant 
increase in the average number of lightning strikes. 
According to their study, each additional one- 
degree increase in temperature is likely to bring 
a 10 percent increase in the number of lightning 
strikes—so that a 5°C (9°F) increase would bring, 
on average, 50 percent more lightning strikes, thus 
increasing the number of wildfires still more. 

Some trees and plants do grow faster as CO, 
levels increase. However, while some areas may 
well see faster forest growth until heat and drought 


exceed the CO, fertilization effect, many will 
not. Indeed, most cannot unless other inputs— 
like water and nitrogen—are also increased. 
Moreover, new research indicates that increases 
in average soil temperature can damage soil fer- 
tility by interfering with the availability of some 
volatile molecular components important for 
tree nutrition—like nitrogen. 
And the larger point, as recent studies prove, 
is that temperature stress, increased beetle infesta- 
tions, larger and deeper droughts, and more fires all 
lead to the accelerating loss of trees and forests. 
Some researchers have noticed a surge in 
secondary-forest growth in areas once cleared 
in countries like Panama and Costa Rica, where 
the relative prosperity in cities and towns has 
drawn migrants from rural areas and reduced the 
pressure of poverty and population growth on 
the forests. But in most tropical countries, this 
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WINTERS HAVE NOT BEEN COLD ENOUGH TO 

KILLC ITAIN PINE BEETLE LARVAE IN 
COLORADO. MORE THAN 600,000 ACRES OF FOREST 
IN THAT STATE ARE NOW AFFECTED BY THE PEST. 


phenomenon has not been replicated, and the pres- 
sure on the land continues unabated. This same 
demographic phenomenon is partially responsible 
for the natural regrowth during the 2oth century 
of large areas of previously deforested land in 
North America and Europe. Europe and North 
America have long been restoring their net for- 
est cover, and China is doing so now far more 
effectively than any other nation in the world. 

The new growth usually does not fully replace 
the ecosystem services provided by the forests 
that have been destroyed. There is a wide variation 
depending upon the way in which the replanting 
is carried out. If all the trees are the same species, 
the lack of diversity makes them much more vul- 
nerable to the coming increases in droughts, fires, 
and beetles—and makes them far less hospitable to 
the rich web of biodiversity that thrives in mature 
and diverse forests—particularly rain forests. 
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Moreover, it takes many decades for the new trees 
to reach a level in their growth curve that allows 
them to begin sequestering large quantities of CO, 
from the atmosphere. 

On the other side of the ledger sheet, mature 
forests have so many trees that are past their 
growth peaks that the forest as a whole is often 
nearly CO, neutral. It contains an enormous 
amount of sequestered carbon, but the net seques- 
tration of new CO, is far less than that in younger, 
still rapidly growing trees. As a result, when all the 
carbon is disgorged with the destruction of mature 
forests, it takes a long time for the CO, to be pulled 
back into the trees that are planted to replace the 
old forest. 

The sequestration of CO, and the preservation 
of the earth’s biodiversity are only two of the envi- 
ronmental benefits—sometimes called “eco- 
system services”—provided to people by forests. 
They reduce temperature extremes, provide a 
source of income when managed properly, reduce 
soil erosion, enhance the availability of clean water, 
prevent desertification, protect against coastal ero- 
sion, control avalanches, provide habitat for wild- 
life that is needed by society, and serve as the home 
for up to 90 percent of the known species on the 
land areas of the earth. They also enhance the pro- 
ductivity of sustainable agriculture in areas in and 
around the forests. 

Forests also actually bring significantly more 
rain than would fall if the trees did not exist—by 
seeding clouds with bacteria that float up from the 
trees and serve as “nucleators” for the formation 
of ice crystals that mark the first step in the for- 
mation of rain in clouds. Water vapors high in the 
atmosphere bind together to make crystals only at 
temperatures much lower than freezing. However, 
the bacteria from trees allow the crystallization 
process to occur at less frigid temperatures because 


they contain a kind of scaffolding in their protein 
structure that allows the water vapor in the air 
to coalesce and bind together around the bacteria 
to cause rain. Brent Christner, a microbiologist at 
Louisiana State University, led a team that recently 
found that this cloud seeding by trees is far more 
common and more significant than had been previ- 
ously understood when the phenomenon was first 
discovered in the 1970s. 

Forests also modulate the hydrological cycle 
by absorbing heavy rains, enhancing the seepage 
of water into the ground held firm by their roots, 
and reducing surface runoff. In this respect, they 
even out the availability of water throughout the 
year—much as ice and snow in the mountains do. 
In rain forests like the Amazon, the transpiration 
of moisture back into the air allows the moisture 
to roll downwind in waves of vapor that nourish 


Charles David Keeling’s groundbreaking study of COz levels 
at the Mauna Loa Observatory in Hawaii—in collaboration 
with Roger Revelle—revealed both the seasonal cycle of 
atmospheric carbon dioxide and that the amount of CO2in 
the atmosphere is increasing over time. 
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the entire forest. Indeed, Tom Lovejoy, one of the 
world’s experts on the Amazon, says that it actually 
makes half of its own rainfall and provides mois- 
ture to other parts of Brazil lying south of the west- 
ern Amazon. 

For all of these reasons, the world as a whole 
has an incentive to place a sufficient value on car- 
bon to encourage the preservation of the earth’s 


THE KEELING CURVE 


The enormous role played by forests in sequestering 
CO, can be seen in the famous Keeling curve, which 
measures the rapid accumulation of CO, in the atmo- 
sphere since measurements began in 1958. The stair- 
step pattern reflects the annual tilting of the Northern 
Hemisphere toward the sun in summer and away from 
the sun in winter. When the deciduous trees in the 
Northern Hemisphere (much larger than those in the 
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ability to more quickly reabsorb the man-made CO, 
put into the atmosphere and to avoid adding yet 
more CO, through continued forest destruction. 
Most proposals for a global solution to reduc- 
ing CO, emissions include, in one form or another, 
a grand bargain between the North and the South, 
within which flows of aid from wealthier countries 
to less-developed countries are increased to finance 


Southern Hemisphere) lose their leaves, the exhalation 
of CO, into the atmosphere causes a sharp jump in CO. 
When the same trees grow leaves anew the following 
spring and summer, the amount of CO, in the atmo- 
sphere comes back down. The fact that these concen- 
trations continue to increase from one year to the next 
reflects the massive burning of coal, oil, and natural gas 
and the massive amount of deforestation taking place. 
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the changes necessary to fight poverty while stop- 
ping rampant deforestation. As a result, a great deal 
of attention has been focused on ways for the world 
community to assist tropical countries in changing 
the prevailing pattern of deforestation. 

The Kyoto Protocol of 1997 specifically 
addressed the need to control deforestation and to 
maintain the forests of the world through afforesta- 
tion and reforestation, in Article 3.3. However, the 
treaty did not include any mechanisms for accom- 
plishing this goal—because of deep concerns on the 
part of developed countries that there was no reli- 
able and accurate measuring system for determining 
which forests would have been preserved anyway 
in the absence of the treaty, nor for detecting 
“leakage” in the form of deforestation that is not 
reported by the countries where it has taken place. 

Since then, satellite measuring techniques have 
improved dramatically, to the point where scien- 
tists now have confidence that they can accurately 
monitor exactly what is happening on the ground 
throughout the world—in some areas, literally 
tree by tree. It is now possible to establish highly 
accurate “national baselines” that can virtually 
eliminate the problem of leakage. In addition, the 
explosive growth of environmental NGOs (non- 
governmental organizations) in every country over 
the past decade has dramatically improved knowl- 
edge of land use policies and intentions relating to 
almost every forest in the world. 

: As a consequence, negotiators in Bali, in 
December 2007, were able to couple deforesta- 
tion goals with reductions in industrial and trans- 
portation emissions. Although this conceptual 
framework must be fleshed out and ratified during 
the Copenhagen negotiations in late 2009, it has 
served as the basis for a truly global framework 
for reductions of CO, and other greenhouse gas 
emissions that includes, for the first time, both 
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land use and the burning of fossil fuels. 
Several global certification systems have been 
organized to identify which forests are sustain- 
ably managed, so that purchasers can avoid contrib- 
uting to deforestation. Coupled with regulations 
cracking down on illegal forest practices—and, 


hopefully, the placing of a price on carbon—these 
efforts to affect the demand for products that are 
sustainably grown and harvested represent a key 

part of the solution to deforestation. 

A second initiative, the Forests Dialogue, 
was formed in 1999 by the World Bank, the World 
Business Council for Sustainable Development, 
and the World Resources Institute. Its missionisto 
foster a constructive dialogue among all the impor- 
tant stakeholders in the outcome of forest prac- ? 
tices and to address the key issues that must be 
solved through mutual understanding and agree- 
ments among stakeholders with different priorities )# 
and incentives. They seek to provide substantial : 
additional funding for the building of institutional ts 
capacity in forest countries to tackle the drivers é 
of deforestation and support sustainable develop- 
ment while remaining accountable for good ip 
forest governance. « 

In many areas, success will require attacking 
corruption among local, regional, and national b 
officials that results in the poor enforcement of a 
existing laws and regulations designed to stop "7 
destructive deforestation practices and illegal log- 
ging and land clearing. In many areas, including 
the Amazon and the central Congo Basin, the lack 
of clear property rights for indigenous peoples and 
longtime residents who live in the forest is also a 
cause of this ongoing destruction. 

As most experts have pointed out, there is no 
one-size-fits-all approach, but in preparation fora 
global effort that is expected to be part of a com- 
prehensive climate treaty, many organizations 
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are working toward the establishment of national 
baselines as a first step toward the creation of 
national accounting systems and credible country- 
level monitoring systems. The ultimate key to 
success in deforestation is the placing of a price 

on carbon. 

Some nations are proceeding with national 
reforestation and afforestation programs, even in 
the absence of a global treaty. China leads the world 
in tree planting, with a highly effective afforesta- 
tion and reforestation program that has planted 
two anda half times more trees in each of the last 
several years than has the rest of the world com- 
bined. In fact, China has been planting so many 
trees that it is now planting more bya third each 
year than the largest deforesting nation, Brazil, is 
cutting down. It should be noted, however, that 
while it is protecting and expanding its own for- 
ests, China has contributed greatly to the demand 
for wood from tropical forests, and among its 
recent African land purchases are 6.9 million acres 
in Africa’s Congo Basin, which it says it intends to 
convert into palm oil plantations. 

China stopped deforestation more than 
10 years ago, and in 1981, the National People’s 
Congress declared that all citizens of China above 
the age of 11 (and until age 60) have a duty to plant 
at least three trees each year. The planting usually 
takes place in March and April, during spring for 
most of China. The Chinese tree-planting program 
is driven by the central government in Beijing, with 
cooperation from regional leaders. The Chinese 
people planted 11.7 million acres of forests in 2008 
alone—a 22 percent increase over 2007, accord- 
ing to statistics released by the Chinese National 
Greening Committee. 

Chinese schools require each student to plant 
at least one tree before graduating, and most 
schools set aside time for a “green education” 


program. The nation announced last year that it 
will spend almost $9 billion on its tree-planting 
program for the year and set a goal of covering 

20 percent of the nation in forests by next year. 
The president of China, Hu Jintao, has personally 
taken part in tree planting to underscore its impor- 
tance as a national priority. 

Professor Wangari Maathai, Nobel Peace Prize 
laureate for 2004 and founder of the Green Belt 
Movement in Kenya, has been responsible for 
planting more than 30 million trees in Kenya and 
11 other African countries over the past 30 years. 
She has also been responsible for convincing the 
United Nations Environment Program to launcha 
major initiative, Plant for the Planet: Billion Tree 
Campaign, which has already succeeded in planting 
more than three billion trees and has now set anew 
goal of planting seven billion trees. 

In addition to the Chinese program, the 
next-largest tree-planting programs are in Spain, 
Vietnam, the United States, Italy, Chile, Cuba, 
Bulgaria, France, and Portugal. 

Recently, Brazil proposed a program to pay 
small farmers to plant new trees in areas of the 
Amazon that have been deforested, but thus far, 
the program has had little apparent impact. 

The World Agroforestry Center recommends 
that deciduous trees be planted in regions where 
water supplies are a problem because they require 
less water than evergreens and are more adapt- 
able to periods of water shortage. If every person 
on Earth planted and cared for at least two tree 
seedlings each year, the world could make up for 
the loss of trees to deforestation over the previous 
10 years in the next 10 years. International coopera- 
tion could provide funding for jobs in tropical coun- 
tries planting trees and thereby fight poverty and 
the climate crisis simultaneously. Just as impor- 
tant, we could help to solve the extinction crisis. 


VILLAGERS IN BURKINA FASO SHOW A SNAPSHOT 
7 OF THEIR LAND TAKEN IN 1986, BEFORE THEIR 
REFORESTATION EFFORTS BEGAN. 


SOIL IS THE LIVING SKIN OF THE EARTH.A 
SCIENTIST STUDIES HISTORIC SOIL PROFILES IN 


WASHINGTON STATE’S PALOUSE RIVER BASIN, 
WHICH HAS SUFFERED FROM EROSION. 


As a boy growing up during the summers on my family’s farm in Tennessee, 

I learned from my father how to recognize the richest and most productive soil: 
In a word, it’s black. It’s also porous and moist. But it was not until much later in 
my life that I learned the reason fertile soil is black: it’s the carbon. 

The soils of the earth contain between three and four-and-a-half times as 
much carbon—just in the first few feet—as do the plants and trees, and more 
than twice as much as is currently in the atmosphere. With improved agricul- 
tural and land management practices, we can significantly increase the amount 
of CO, that is pulled from the atmosphere by vegetation and left sequestered 
in the soil, while enhancing agricultural productivity and food security—and 


restoring degraded lands—at the same time. 


As with other climate solutions, however, the 
success of this promising strategy depends upon 
large-scale changes in long-established patterns. 

When my father was a young man, the greatest 
threat to the productivity of the land in America 
was soil erosion. Farmers and landowners in his 
generation were enlisted by Franklin Delano 
Roosevelt in a nationwide struggle to stop the soil 
erosion that had led to the Dust Bowl of the 1930s 
and had left many farms cut with deep gullies, 
through which the best soils for agriculture were 
washed away. To this day, I remember the lessons 
he taught me. For example, when walking across 
the farm, keep an eye out for the first hint of ero- 
sion; stop the beginning ofa gulley before it can 
Start to deepen. 

The battle against soil erosion and the degra- 
dation of soil quality on farms in the United States 
is a success story. And by slowing soil erosion, the 
United States has also begun to restore the carbon 
content of the soil. The crucial layer of humus in 
healthy soils is made up, on average, of 58 percent 
carbon. There are, however, new threats to the 


quality of soil and new opportunities to sequester 
much more carbon in the soil. 

More important, in much of the developing 
world—particularly in sub-Saharan Africa—the 
degradation of soil quality continues to worsen 
and has reached levels that threaten food security 
for hundreds of millions of people. The loss of soil 
carbon in degraded African croplands has already 
exceeded the magnitude of losses in the United 
States 80 years ago, just prior to the Dust Bowl. 
Addressing this threat effectively can not only 
make African soils more fertile and productive, it 
can simultaneously pull enormous amounts of co, 
from the atmosphere of the planet and sequester it 
in the soil as it is restored to health. 

The thin layer of soil that lies atop the outer 
shell of the earth’s crust is roughly analogous to the 
“skin” of the earth. It is alive, in the sense that it is 
filled with microbes, fungi, worms, minerals, and 
nutrients, all of which make possible the growth 
of plants and trees—which use photosynthesis to 
combine CO, from the air with water, nitrogen, 
organic carbon, and other nutrients and minerals 


CARBON IN OUR SOIL 


Soil plays an active role in the earth’s carbon cycle, storing an estimated three to four-and-a-half times as much carbon as 
all of the earth’s plant matter combined. Carbon moves into soil through plant roots and decaying organic matter, such 
as leaves and tree limbs. Some of that carbon is soon cycled back into the atmosphere, but much of it remains in the soil. 


Fungi, bacteria, dy other microorganisms that aid in the decomposition of organic matter are a significant pathway 


through which carbon becomes part of the soil. 
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from the soils. The complex biogeochemical pro- 
cess of plant growth relies heavily on symbiotic 
relationships between the vegetation and microbes 
that are responsible for shepherding the exchange 
of molecules back and forth between the roots of 
the plant and the soil. 

When these processes are disrupted by exploi- 
tive land-use methods, by the cutting and burn- 
ing of trees and vegetation, by plowing, and by 
the excessive and indiscriminate use of synthetic 
chemical compounds on the land, the result can be 
short-term increases in crop yields at the expense 
of long-term fertility in the soil. And the loss of 
soil fertility inevitably results in the disgorging of 
those large amounts of carbon normally stored in 
healthy, regenerating soils. 

The Agricultural Revolution began soon after 
the end of the last ice age more than 10,000 years 
) ago in the Fertile Crescent, stretching from Egypt 
through Mesopotamia, and emerging in the same 
era in India and southern China. Early in the devel- 
opment of agriculture, the first primitive ver- 
sion of a plow was used—a vertical piece of wood 
dragged by two people through the top layer of the 
soil. Two millennia later, when oxen were domesti- 
cated in Mesopotamia, plowing became more effi- 
cient. Later still, around 3500 B.C., the plowshare 
was developed, with the addition of an iron edge to 
the wooden blade of the plow to more effectively 
loosen the topsoil. The all-iron Roman plow, dated 
to the year A.D. 1, was an improvement in this tech- 
nology that was used for a thousand years until it 


evolved into the basic moldboard design that turns 


over the soil as it is broken. 

In 1837, a blacksmith in the American Midwest, 
John Deere, developed and marketed an improved 
cast-iron moldboard plow that American settlers 
began using to break topsoil as they moved west- 
ward. When the first tractors were hitched to John 
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Deere’s plow at the beginning of the first decade 
of the 20th century, the prairies were broken 
open, releasing enormous amounts of carbon from 
Midwestern soils, loosening them and beginning 
the soil erosion calamity that became the Dust 
Bow] of the 1930s. That’s what led to the emphasis 
on soil conservation and the lessons my father later 
taught me when I was a child. 

From the late 1800s through the beginning 
of World War II, the carbon content of U.S. soil 
decreased by more than S0 percent. Agricultural 
reformers began to advocate the abandonment of 
plowing after the publication in 1943 of Plowman’s 
Folly by Edward Faulkner. But the “no-till” and 
“conservation-till” movement did not pick up 
speed until the introduction of herbicides, after 
World War II, when chemical-weapon stocks were 
converted en masse into herbicides. 

The principal purposes of plowing are to make 
it easier to put seeds into the soil and to con- 
trol weeds. The loosening of the soil also makes it 
more porous, but the experience of the 20th cen- 
tury proves decisively that any benefits that might 
result from quicker absorption of water and fertil- 
izer are all too often far outweighed by making the 
soil more vulnerable to erosion. 

The combination of herbicides and the mechan- 
ical planting drill now make plowing largely unnec- 
essary. Herbicides, however, bring problems of 
their own: numerous health risks are associated 
with the more potent herbicides, and each pound 
| causes six pounds of carbon (22 pounds of CO,) to 
| be released during its manufacture. Moreover, the 
| planting drill requires larger tractors with more 
| horsepower (and higher fuel consumption) than is 
commonly found in less-developed countries. 

The management of plant residue is also an 


important factor in the conservation of soil and 
soil carbon. If these residues are removed from the 
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land for livestock feed or biofuels, so is one of its 
most valuable protections against soil erosion by 
water and wind. These residues are also important 
sources of soil fertility regeneration and are food 
for soil organisms. Indeed, this is one of the argu- 
ments in favor of no-till methods of cultivation, 
which leave the soil less disrupted, less depleted, 
and less vulnerable to erosion. 

However, of the 3.75 billion acres under cul- 
tivation in the world today, less than 250 million 
acres now utilize the no-till technique, mostly in 
the United States, Brazil, Argentina, Canada, and 
Australia. That is one of the reasons why soil carbon 
and soil fertility are still being degraded at much 
higher rates in developing countries. Moreover, 
many African farmers are granted land tenure only 
one year at a time—which encourages them to 
remove the plant residue for an additional source of 
income, rather than leaving it on the ground to pro- 
tect and regenerate the soil for the following year. 

Although the beginnings of the climate crisis 
are usually dated to the beginning of the Second 
Industrial Revolution a century and a half ago, the 
first large additions to the atmosphere of man- 
made CO, actually came from the vast changes in 
land use across the surface of the planet when for- 
ests were cleared as the Agricultural Revolution 
gained momentum. Later, the mass use of plow- 
ing disgorged large additional amounts of CO, from 
vegetation and soils. 

Indeed, some scientists calculate that it was 
not until the 1970s that fossil fuel burning became 
a larger source of global warming pollution than 
the combination of agriculture and deforesta- 
tion. Rattan Lal, a land-use expert at Ohio State 
University, estimates that during the last 10,000 
years, roughly 470 gigatonnes of carbon (four giga- 
tonnes equals one part per million of CO, in the 
atmosphere) have come from cutting and burn- 


ing trees and degrading soils, while about 300 giga- 
tonnes have come from the burning of fossil fuels. 

That ratio has changed dramatically in the past 
half-century, of course. CO, emissions from fos- 
sil fuel burning have accelerated considerably in 

recent decades. Lal’s calculations indicate that 
more than four times as much global warming pol- 
lution now comes from fossil fuel burning com- 
pared with changes in land use. 

Furthermore, much of the CO, released dur- 
ing the early stages of the Agricultural Revolution 
has long since been recycled back into the land and 
its vegetation. Charlotte Streck, one of the found- 
ers of Climate Focus, said recently, “Flux of soil 
organic carbon between the earth and the atmo- 
sphere is among the largest global carbon flows on 
the planet.” Dr. William H. Schlesinger, president 
of the Cary Institute of Ecosystem Studies, has 
calculated that approximately 10 percent of atmo- 
spheric CO, passes through the soil each year, 
though Lal puts the figure at 7.5 percent. 

Nevertheless, the current pattern of agricul- 
ture and soil degradation continues to be responsi- 
ble for an enormous amount of global warming 
pollution. In spite of America’s success in dealing 
with soil erosion, the mechanization of agriculture 
during the 20th century, the quadrupling of human 
population, changes in diet, the availability of plen- 
tiful sources of oil-based diesel and gasoline, and 
the use of synthetic nitrogen fertilizers have all 
combined to make modern agriculture one of the 
largest sources of global warming pollution. 

The Intergovernmental Panel on Climate 
Change (IPCC) indicates that agricultural land use 
contributes 12 percent of global greenhouse gas 
emissions, just from methane and nitrous oxide, 
both of which are far more powerful—molecule 
for molecule—than CO, in trapping heat. In the 

United States, government research shows that, 


with chemical fertilizers, herbicides, and heavy fos- | 


sil fuel use, U.S. agriculture contributes nearly 20 
percent of U.S. CO, emissions. 

Moreover, the continuing degradation of soils 
and widespread slash-and-burn land-use strategies 
in less-developed countries contribute greatly to 
the destructive impact our current global agricul- 
ture system has on the climate of our planet. 

By changing this pattern, we can not only 
reduce emissions of CO,, methane, and nitrous 
oxide, we can also pulla significant percentage of 
the CO, already accumulated in the atmosphere 
into the soils, where much of it can be sequestered 
for hundreds or even thousands of years. And, as 
is the case with most of the solutions to the cli- 
mate crisis, the co-benefits are also of great value to 
human civilization. 

Ironically, the greatest opportunities for 
sequestering CO, in soil are on already degraded 
lands. For example, the restoration of prairie 
grasslands throughout the world represents an 
unparalleled opportunity to pull CO, out of the 
atmosphere and into the soil. Grasslands are partic- 
ularly effective in sequestering carbon because of 
the high carbon input from the roots of tall grasses. 

Africa, in particular, is believed by many 
experts to be facing serious impending food short- 
ages because of degraded soils and rapidly grow- 
ing populations. Hans van Ginkel, former under 
secretary-general of the United Nations, said: “The 
low fertility of African soils is the single most criti- 
cal impediment to the region’s economic develop- 
ment. We cannot begin to make real progress in the 

battle against poverty and malnutrition in Africa 
until the problem of degraded soil is addressed.” 

According to Lal, throughout sub-Saharan 
Africa, “most agricultural soils have lost 50 to 
70 percent of their original soil organic carbon 
pool, and the depletion is exacerbated by further 
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THIS FIELD NEAR MEMPHIS, TENNESSEE. 
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soil degradation and desertification....In West 
Africa, extractive farming practices, overgrazing, 
and demand for fuelwood has led to serious 
land degradation.” 

Streck pointed out recently, “More than 
80 percent of farmland in sub-Saharan Africa is 
plagued by severe degradation due to population 
growth, inability to afford fertilizer, deforestation, 
and use of marginal lands.” 

The largest amount of carbon presently seques- 
tered in soils is in wetlands—including peatlands. 
Many experts contend that the single biggest 


the soil because the low temperatures inhibit the 
microbial activity that releases carbon. 

If global warming continues to thaw these fro- 
zen soils of the Far North, large quantities of CO, 
and methane could be released into the atmo- 
sphere relatively quickly. The only way to prevent 
this catastrophe is to slow and then reverse the 
accumulation of global warming pollution that is 
driving up global temperatures. 

As scientists focus on ways that improved agri- 
cultural techniques can sequester more carbon in 
the soil, the productivity of agriculture worldwide 


“We cannot begin to make real progress 
in the battle against poverty and 
malnutrition in Africa until the problem 
of degraded soil is addressed.” 


change needed in land-use patterns to reduce global 
warming pollution is to ban the clearing, drying, 
and burning of peatlands. Indeed, Thomas Lovejoy, 
biodiversity chair of the Heinz Center, has pro- 
posed that exposed peatlands, where the tree cover 
has been removed, should be “rewetted” to protect 
them from drying and releasing their CO,. 

The second-largest amount of carbon contained 
in soils is found in the cold and frozen ground of 
the Far North—in the tundra and the boreal soils of 
the Arctic and sub-Arctic. Even though they have 
less vegetation aboveground, they contain enor- 
mous quantities of carbon that has accumulated in 
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is also threatened by the climate crisis. Although 
the impacts are different from one region to 
another, the world as a whole would experience a 
serious decline in agricultural productivity with 
continued global warming. Less-developed coun- 
tries in the tropics and subtropics are at increased 
risk for significant declines in agricultural produc- 
tivity because temperatures there are already at or 
above crop tolerance levels. 

More water is needed by plants to keep cool in 
the face of higher temperatures, and some plants 
have an upper limit to the temperatures they can 
tolerate without dying. This will be a particularly 
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{N-KEITA, NIGER, VILLAGERS JOURNEY SIX MILES 
TO COLLECT FIREWOOD. THE LOCAL WOODLANDS 


_ WERE DESTROYED YFARS AGO, SPEEDING THE 


DEGRADATION OF THE SOIL. 


RECORD-BREAKING DROUGHT AND HEAT IN 
AUSTRALIA HAS BEEN DISASTROUS FOR THE 
COUNTRY’S AGRICULTURE. IN VICTORIA STATE, 
APPLES HAVE BEEN SUNBURNED ON THEIR TREES. 


serious threat if temperatures increase by as much 
as is now predicted under the business-as-usual 
scenario: 11°F in this century. 

One of the countries predicted to experience 
the harshest agricultural impact is India, which 
scientists say could suffer a decline in agricultural 
productivity of 30 to 40 percent during this cen- 
tury under a business-as-usual scenario—even as 
it overtakes China as the most populous nation 
in the world. Even worse, Sudan faces a decline of 
as much as 50 percent in agricultural production, 
and Senegal is projected to experience a 52 percent 
decline. Mexico’s agricultural productivity is pro- 
jected to decline by a third. 

The erratic nature of changes in long- 
established climate patterns also complicates 
the ability of farmers to predict the right times 


for planting. Dr. Jerry L. Hatfield, director of the 
National Soil Tilth Laboratory, testified this year 
that “extreme events, like heat waves and regional 
droughts, have become more frequent and intense 
in the past So years and affect agricultural opera- 
tions and decision-making.” 

Arthur Yap, the secretary of agriculture in the 
Philippines, told me last year that, throughout his 
life, farmers have been able to confidently pre- 
dict the arrival of seasonal rains during the first 
two weeks of June, but now, that long-stable pat- 
tern has been disrupted and he cannot advise his 
nation’s farmers what to expect and when to plant. 
The scrambling of seasons poses a particular prob- 
lem for plants that emerge earlier with warmer and 
earlier springs but then become vulnerable to frost 
when cold snaps nip them in the bud. 
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The IPCC has warned that changes in the avail- 
ability of water—in the right amounts and at the 
right times—will have a particularly disruptive 
impact in many growing areas. The number of 
extreme downpours, with associated flooding 
and soil erosion, is predicted to increase signifi- 
cantly. At the same time, the number and sever- 
ity of droughts in most mid-continent regions will 
also increase. The combination of heavier down- 
pours and deeper droughts is expected to markedly 
reduce crop yields, on average, around the world. 
Since approximately 95 percent of US. agricul- 
ture depends solely on rain, and not irrigation, the 
increasingly erratic pattern of alternating heavy 
downpours and extended droughts would have a 
harsh impact. According to the Federal Emergency 
Management Agency, the United States already 
suffers losses from droughts averaging $6 billion to 
$8 billion per year, much of which is in crop loss. 

For those growing areas in the West that 
depend on seasonal melting from the snowpack in 
the mountains, the rapid loss of snowpack, along 
with earlier spring melting and a pronounced shift 
from snowfall to rainfall, is already posing serious 
difficulties that are expected to worsen with con- 
tinued global warming. 

The worst impacts in the United States are pro- 
jected to occur in the Southeast and in the south- 
western plains, with predicted declines of 25 to 
35 percent in agricultural productivity. And these 
projections do not include the impact of additional 
insects, more drought, and less water for irriga- 
tion. Some states in the upper Midwest could see 
increased agricultural productivity, depending 
upon what happens to rainfall in the region. 

One consequence of modern agriculture’s 
increased reliance ona few varieties of hybrid crops 
is their adaptation to the narrow range of ecologi- 
cal conditions, including temperature and rainfall, 


in the areas in which they are grown. This special- 
ization can also make them more vulnerable to the 
predicted increase in extreme-weather events— 
particularly periods of very high temperatures that 
last for more than a few days. Some plants are espe- 
cially vulnerable to prolonged periods of higher 
nighttime temperatures, which speed the rate of 
development and hasten the reproductive stage, 
effectively shortening the growing period and 
productivity of the plant. 

Another consequence of increased heavy down- 
pours, coupled with fewer precipitation events, is 
delayed spring planting—which has its harshest 
impact on those farmers who depend upon the pre- 
mium paid for early production of high-value crops. 
Similarly, flooding at harvesttime causes particu- 
larly heavy losses. 

Higher temperatures also have a pronounced 
impact on soil moisture evaporation rates, com- 
pounding the impact of intermittent droughts. 
Higher average temperatures—especially during 
summer months—will have the harshest impact 
in areas where high temperatures already impose 
a limit on agricultural production. In some drier 
areas, increased loss of soil moisture can also lead 
to dust storms. In 2009, the American West suf- 
fered an unusual increase in dust storms. Longer 
and hotter heat waves also cause stress in animals 
and have been responsible already for livestock 
deaths. 

Rattan Lal includes in his “Laws of Sustainable 
Soil Management” law number four: “The rate and 
susceptibility of soil to degradation increase with 
increase in mean annual temperature and decrease 
in mean annual precipitation.” 

The threat to agriculture from insect infes- 
tations is also projected to increase in a warmer 
world. Longer growing seasons are accompanied by 
more generations and larger populations of insects. 
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As noted in Chapter 9, higher levels of CO, but also produces a much stronger form of uru- 
can stimulate plant growth, but only where water shiol, a poison that 80 percent of people are vul- 
and other nutrients (especially nitrogen) do not nerable to. According to the United States Global 
impose limits on the extra growth that would Change Research Program, “Given continued 
otherwise occur. In addition, those plants bene- increases in carbon dioxide emissions, poison ivy is 
fiting from higher carbon dioxide levels often expected to become more abundant and more toxic 
grow larger but become less nutritious because in the future.” 
of a reduction in nitrogen and protein content. There is also projected to be a northward 
This appears to be especially true for grasses, caus- expansion of the range of some weeds that are now 
ing animals raised in pastureland to graze more in confined to southern latitudes. 
order to get the same protein. Increased wildfires and strong wind events are 

Moreover, higher CO, levels stimulate the also predicted to take a heavy toll on agriculture. 
growth of weeds much more than of food crops. Increased low-level ozone, which is toxic to plants 
And these CO,-enhanced weeds become more and inhibits growth, will also, in some areas, offset 
resistant to herbicides. any increased growth from CO, enrichment. 

One of the unwanted weeds that thrive in One of the other lessons my father taught 
higher CO, environments, by the way, is poison me on our family farm was that the corn we grew 
ivy—which not only grows larger with more CO, each summer to supplement winter feeding had 
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CARBON IN THE ECOSYSTEM 
Vegetation and soil both serve as enormous sinks of carbon. There is even more carbon contained in soils than in trees and 
other plants. Scientists have discovered that the most important soil sinks are wetlands, grasslands, and peatlands. Some 


methods of land management can increase the amount of carbon in the soil; many farming methods, however, reduce it. 


SOURCE: IPCC 


ORGANIC FARMING, OFTEN PRACTICED:ON Ag 
SMALL SCALE, HAS BEEN PROVED TOFNCREASE 
THE*CARBON CONTENT.OF SOILJFARMER AND 
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to be rotated each year from one field to another 
so that the soil in which the previous year’s 

crop was grown could be replenished with nutri- 
ents, by spreading cow manure or planting clover, 
alfalfa, or other plants that put nitrogen back into 
the soil. 

Crop rotation and the spreading of animal 
manure used to be the primary ways of restoring 
nitrogen in soils depleted by corn and other crops 
that pull large amounts of nitrogen from the soil as 
they grow. But modern industrial agriculture has 
disrupted the age-old ecological balance between 
animals and plants on farms. Most of the animals 
have been removed from farms and concentrated 
instead in large feedlot operations, where the 
manure is no longer valued as a beneficial fertil- 
izer but must be dealt with as a large source of 


pollution. Indeed, the unnatural force-feeding 

of corn to cattle, whose digestive systems evolved 
to eat grass, makes their stomachs—and their 
manure—more acidic. 

The net result is that the manure from factory 
farms is unfit for use as fertilizer because its newly 
engineered toxicity stunts the growth of plants and 
seriously damages the fertility of soil. So farmers, 
wisely, won't use it. 

Before the discovery in Germany in 1909 ofa 
workable method to create synthetic ammonia, 
farmers relied on the spreading of manure on fields 
and the use of crop rotation techniques to period- 
ically replenish nitrogen in their soil in order to 
maintain its productivity. After World War II, how- 
ever, the reliance on synthetic nitrogen fertilizers 
grew quickly when the German technology for 
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synthesizing ammonia was applied to the large 
stockpiles of ammonium nitrate left over from the 
manufacture of munitions during the war. Cheap 
oil from the Middle East, and the later develop- 
ment of large reserves of natural gas, provided 

the enormous inputs of energy and hydrogen that 
made possible the manufacture of vast quantities 
of synthetic nitrogen fertilizer. 

As Michael Pollan skillfully describes in The 
Omnivore’s Dilemma, the surge of new supplies of 
affordable synthetic nitrogen fertilizer coincided 
with the introduction of new varieties of hybrid 
corn and changes in agricultural policy to subsidize 
the overproduction of grain. Indeed, U.S. agricul- 
tural policy since the early 1970s has heavily subsi- 
dized the production of as much food as possible, 
with the political objective of keeping food prices as 
low as possible and stimulating farm exports to the 
rest of the world. Most large-scale farming opera- 
tions today would lose enormous sums of money 
if not for the taxpayer subsidies that encourage 
the continuation of wasteful and harmful practices. 
Industrial agriculture now uses 10 calories of 
energy from fossil fuels to produce one calorie 
in food. 

What was not understood at the time this 
new pattern of production was adopted is that the 
application of nitrogen fertilizer stimulates not 
only the growth of plants but also the growth of 
carbon-hungry bacteria in the soil. Every ton of 
synthetic nitrogen fertilizer requires the burning 
of enough natural gas to release 1.25 tons of carbon 
(or 4.6 tons of CO,) into the atmosphere. 

When the fertilizer is spread on top of the soil, 
every ton consumed by bacteria in the soil causes 
them to also consume 30 tons of carbon. When the 
nitrogen fertilizer is applied quickly, the bacteria 
multiply quickly and deplete carbon from the soil. 
Like all such processes, this one is resistant to 


oversimplification; the net result includes the 
removal of soil carbon in large quantities, yet nitro- 
gen and other elements are necessary for conver- 
sion of carbon in the biomass into humus. 

This heavy use of nitrogen fertilizers causes an 
overload of nutrients in the waterways into which 
they drain, which stimulates the growth of algae in 
the areas of the ocean—like the Gulf of Mexico— 
into which these streams eventually run. When the 
stimulated algae blooms die, their decomposition 
starves the water of oxygen, kills fish, and creates 
what scientists call dead zones. The number and 
extent of these dead zones in the ocean are now 
increasing rapidly. 

Many have described our current reliance on 
synthetic nitrogen fertilizers as a Faustian bargain, 
in that it ensures a plentiful bounty in the short 
term, but at the expense of the depletion of the nec- 
essary carbon from the soil in the long term. The use 
of synthetic nitrogen fertilizers isa little like the 
use of steroids by athletes. Their muscles grow at an 
unnatural rate, but the health and integrity of their 
bodies is degraded in ways that are hard to detect at 
first but can become quite serious over time. 

In recent years, natural gas has been the pri- 
mary source of energy and hydrogen for the mak- 
ing of synthetic ammonia—the source of synthetic 
nitrogen fertilizer. According to Ford B. West, presi- 
dent of the Fertilizer Institute in the United States: 
“As much as 90 percent of the cost of producing 
aton of ammonia, the building block for all other 
nitrogen fertilizers, can be tied directly to the price 
of natural gas. This makes nitrogen production one 
of the most energy-intensive manufacturing pro- 
cesses that exist.” 

Domestic manufacturers supplied 85 percent 
of nitrogen used by U.S. farmers until the year 
2000. Since then, 26 facilities have closed, 
according to West, “due primarily to the high cost 
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of natural gas.” More than half of the synthetic 
nitrogen fertilizer used in the U.S. is now imported. 

It should be noted, however, that some areas of 
the world with severely degraded lands are desper- 
ately in need of more fertilizer, not less. The impact 
of nitrogen fertilizer is not the same in all soils, 
or in all countries. For example, farmers who put 
straw on their land should add nitrogen fertilizer 
to enhance the benefits of the straw. Other fertiliz- 
ers, including phosphorus and sulfur, are also 
beneficial. 

In sub-Saharan Africa, the carbon content of 
degraded cropland soils is, on average, less than 
10 to 20 percent of the minimum threshold nec- 
essary for adequate yields. By adding only eight 
pounds of fertilizer per acre—less than 2 percent of 
what is commonly used in the American Midwest, 
and less than 0.5 percent of what is used in north- 
ern China—these countries are averaging yields of 
only one ton of cereal grain per hectare (two anda 
half acres), compared with an average of 10 tons per 
hectare in much of the American Midwest and five 
to six tons in Asia. 

Changes in diet have also enhanced the impact 
of modern agriculture on the climate crisis. Most 
people eat much more meat than their parents 
or grandparents did. On average, it takes more 
than seven pounds of plant protein to produce 
one pound of beef—and more than 6,000 gallons 
of water! The explosion in the numbers of cattle, 
pigs, and chickens has also dramatically increased 
methane emissions from agriculture (Science Daily 
recently reported a study showing that 72 percent 
of all methane emissions in Canada are from cat- 
tle). Some researchers are now discovering ways 
to change the diet of the animals to reduce the 
amount of methane they burp without reducing 
the quality or hurting the taste of the meat. 

The per capita consumption of meat in 


developed countries has increased 50 percent over 
the past half-century, but 200 percent in develop- 
ing countries. The health consequences of a more 
meat-intensive diet (higher rates of heart disease, 
hypertension, cancer, and obesity), which first 
appeared in wealthier countries, are now spreading 
rapidly to poorer countries. 

The dependence on large-scale industrial agri- 
culture—as opposed to the many small farms 
that used to be located near every town and city— 
increases the amount of fuel required to transport 
the food from the field or the feedlot to the table. 
Moreover, the huge amounts of fossil fuel energy 
required to drive the tractors and trucks, manufac- 
ture the fertilizers and herbicides, and deliver the 
food—often from one continent to another—all 
result in significant additions of greenhouse gases 
to the atmosphere. 

The good news is that all of these patterns can 
be changed in ways that enable the use of agri- 
culture and land management as an important 
solution to the climate crisis. Rattan Lal has said 
that better soil management has the potential to 
sequester up to 15 percent of the world’s annual 
fossil fuel emissions in soils. Recarbonizing the 
planet by sequestering carbon in soils and trees has 
the capacity to remove as much as 50 parts per mil- 
lion of atmospheric CO, over the next 50 years. 

Dr. Timothy J. LaSalle, CEO of the Rodale 
Institute, is a leader among those who have pro- 
posed a dramatic shift in agricultural policy and 
practices to focus on building soil organic matter— 
including the restoration of carbon to the soil—by 
organically managing and enriching soils. LaSalle 
points out that the application of soluble nitrogen 
fertilizers stimulates “more rapid and complete 
decay of organic matter, sending carbon into the 
atmosphere instead of retaining it in the soil as the 
organic systems do.” By using no-till techniques 


! and by enriching soils with natural sources of nutri- 


ents, farmers can cut costs and improve both 


ws | productivity and profitability. 


“Successful implementation of organic regen- 
erative farming practices on a national basis will 
depend on two factors,” LaSalle said. “A strong 
bottom-up demand for change and a top-down 
shift in state and national policy to support farm- 
ers in this transition.... Farmers shouldbe paid on 
the basis of how much carbon they can put into and 
keep in their soil, not only how many bushels of 
grain they can produce. Incentives will encourage 
resource conservation and other carbon-enhancing 
means of producing crops for food, feed, and fiber.” 

LaSalle is more optimistic than almost any other 
analyst about the potential scale of what could be 
accomplished by such a dramatic shift in agriculture. 
He believes that regenerative agriculture, if prac- 
ticed on all of the planet’s tillable acres, “could 
sequester nearly 40 percent of current CO, emis- 
sions.” Other experts believe LaSalle and Lal are too 
optimistic. Another leading expert on the carbon 
content of soils, William Schlesinger, believes that 
“it would require the planting of lands equivalent to 
the size of Texas to accumulate even 10 percent of 
the nation’s annual CO, emissions from fossil fuel 
combustion in trees and soils.” Nevertheless, as 
Schlesinger acknowledges, “if we could recapture 
even a small percentage of the historical losses of 
soil carbon, a large amount of atmospheric carbon 
dioxide might be sequestered in soils.” 

The difference in projections of what is possible 
between optimists and pessimists in the field of 


| soil science is partly attributable to their differing 


views on the potential of recently discovered tech- 
niques for dramatically increasing soil carbon con- 
tent fairly quickly. One of the most exciting new 
strategies for restoring carbon to depleted soils, 
and sequestering significant amounts of CO, for 
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1,000 years and more, is the use of biochar. 

Biochar is a form of fine-grained, porous char- 
coal that is highly resilient to decomposition in 
most soil environments. It occurs naturally but 
can be manufactured cheaply in large quantities by 
burning wood, switchgrass, manure, or other forms 


of biomass in an oxygen-free or low-oxygen envi- 
ronment that transforms the biomass into what is 
more than 80 percent pure carbon. 

The process by which biochar is made can 
also be designed to produce gas or liquid fuel that 
can be used to make electricity and can serve as 
an energy source for the making of more biochar. 
Moreover, a new design for cookstoves for those 
in less-developed countries who routinely burn 
wood or manure allows the burning of only the rw 
oils and gases in the wood to produce a cleaner, 
less air-polluting stove and produce biochar at 
the same time. 
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Burying biochar in soil replenishes the carbon . 
content, protects important soil microbes, and 
helps the soil retain nutrients and water. It also 
reduces the accumulation of greenhouse gas pollu- I 
tion by avoiding the releases that would occur from 
the rotting of the biomass on the surface, by seques- 
tering the CO, contained in the biochar, and by 
assisting the process by which plants growinginthe 9 
soil pull CO, out of the air with photosynthesis. | 
It also increases the organic health of the | - 
soil by stimulating the growth of rhizobium bac- 
teria and mycorrhizal fungi, both of which fur- 
ther improve the overall quality of the soil. David 


<q 


Shearer, a biochar entrepreneur who has studied 
the science extensively, says: “If you put biochar 
in the soils, it literally has a residence time on the 
order of centuries to millennia. It’s a carbon lat- 
tice; it creates a habitat for fungi and bacteria—a 
habitat that creates a great deal of conductivity for 
exchange capacity.” 
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» ‘FOR THE PAST 30 YEARS, THE RODALE INSTITUTE IN 
PENNSYLVANIA HAS EXPLORED ORGANIC FARMING 
METHODS TO REGENERATE THE PRODUCTIVITY OF 
THE SOIL. 


IN WEST VIRGINIA, A POULTRY FARMER PRODUCES 
BIOCHAR FROM CHICKEN WASTE AND WOOD CHIPS, 


TURNING IT INTO A VALUABLE RESOURCE FOR 


RECARBONIZING SOILS. 
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In recent decades, soil scientists discovered that 
Amazonian Indians were using biochar at least a 
thousand years ago to create fertile black soils that 
are still far more productive than the soils around 
them, even though the biochar was buried a millen- 
nium ago. These soils, called terra preta (Portuguese 
for “black earth”), provide a unique way of assess- 
ing the longevity of the benefits conferred on soils 
by using biochar. In addition, it appears that these 
rich soils gain the ability to regenerate themselves. 

Climate experts—including Tim Flannery 
in Australia and James Lovelock in the U.K.— 
are enthusiastic about the potential fora global 


burying it in the soil. Then you can start shifting 
really hefty quantities of carbon out of the system 
and pull the CO, down quite fast.... This is the one 
thing we can do that will make a difference, but I 
bet they won’t do it.” 

In an open letter in 2008, Flannery wrote: 
“Biochar may represent the single most important 
initiative for humanity’s environmental future. 
The biochar approach provides a uniquely power- 
ful solution, for it allows us to address food secu- 
rity, the fuel crisis, and the climate problem, and all 
in an immensely practical manner. Biochar is both 
an extremely ancient concept and one very new to 


“Biochar may represent the single 
most important initiative for humanity’s 


environmental future.” 


biochar agricultural strategy. Johannes Lehmann, 
a soil scientist at Cornell University, said, “Any 
organic matter that is taken out of the rapid cycle 
of photosynthesis ...and put instead into a much 
slower biochar cycle is an effective withdrawal of 
the carbon dioxide from the atmosphere.” 
Lovelock, who has consistently been the most 
pessimistic expert on the future course of the cli- 
mate crisis, said in 2009: “There is one way we 
could save ourselves, and that is through the mas- 
sive burial of charcoal. It would mean farmers turn- 
ing all their agricultural waste—which contains 
carbon that the plants have spent the summer 
sequestering—into nonbiodegradable charcoal and 
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our thinking.” He described the biochar strategy as 
“the most potent engine of atmospheric cleansing 
we possess.” 

In response to the unbridled enthusiasm for 
biochar demonstrated by many climate and soil 
scientists, a few environmental activists have 
expressed concern that a global biochar strategy— 
if poorly designed—could mimic the palm oil boom 
that has driven the destruction of tropical forests 
for the planting of palm oil plantations in Southeast 
Asia. Their nightmare vision of “biochar planta- 
tions” assumes that virgin forests would be cleared 
to make biochar and then replanted with trees that 
are optimized for the process. 
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It is all too easy to understand the basis for 
their concern. The subsidies for the production of 
ethanol—which I supported when I was in elec- 
tive office—have been implemented so far in ways 
that do far more harm than good. Life-cycle analy- 
ses of the ethanol production process confirm that 
in many cases more greenhouse gases are added 
to the environment than are removed. Moreover, 
the impending use of cellulosic ethanol processes 
sometimes presumes the use of corn stover, sugar- 
cane bagasse, and other plant residues as inputs for 
the manufacture of alcohol fuels. But crop waste, 
properly understood, is not really waste. It is impor- 
tant for the protection and regeneration of soils. 

However, advocates of the biochar strategy 
point out that biomass sources like manure, switch- 
grass, algae, and rice husks would be far more cost- 
effective inputs for the making of biochar. Any 
trees and tall grasses planted for biochar could be 
planted on already degraded land and then har- 
vested and managed in ways that both restore the 
land and produce large quantities of biochar for the 
replenishment of soil nutrients elsewhere. 

The principal barrier to the use of this strategy 
is the lack ofa price on carbon that would drive the 
economy toward the most effective ways to seques- 
ter it. There is presently no formalized network of 
biochar distribution channels or commercial- 
scale production facilities, But a stable price on car- 
bon would cause them to quickly emerge—because 
biochar holds such promise as an inexpensive and 
highly effective way to sequester carbon in soil. 
Already, at least one company, Mantria Industries 
in Dunlap, Tennessee, has built a commercial-scale 
biochar plant that opened in August 2009 and 
sells biochar under the brand name EternaGreen. 
The company describes itself as the “world’s first 
commercial-scale biochar facility.” 

There is also growing excitement and enthusiasm 


about the role that can be played by adding rhizo- 
bium bacteria and mycorrhizal fungi to the soil dur- 
ing the planting of seeds. Rhizobium isa highly spe- 
cialized bacteria that pulls carbon from the roots of 
leguminous plants and sequesters it in the soil, 
making it more fertile in the process, while “fixing” 
nitrogen atoms (breaking apart the two atoms in 
organic nitrogen and attaching them to hydrogen in 
order to feed nitrogen to the plants). As agrono- 
mists have long taught, carbon provides the bulk of 
plant matter, such as the walls of plant cells, while 
nitrogen is used as the building block for amino 
acids and enzymes, which form the protein, chloro- 
phyll, and the other elements of the plant that 
determine its quality and value. These bacteria are 
the real reason why crop rotation was and is a suc- 
cessful strategy for restoring the health of soils. 

In recent decades, scientists have also been sur- 
prised to learn the large role played by mycorrhizal 
fungi in stimulating plant growth naturally while 
enhancing the sequestration of carbon in the soil. 
Some fungi specialists, including Paul Stamets of 
Fungi Perfecti, have proposed large-scale projects 
to use mycorrhizal fungi to enhance productivity. 

Fungi, which were among the first forms of life 
to populate the land, are actually somewhat closer 
to the animal kingdom than to the plant kingdom. 
For example, they take in oxygen and emit CO,. But 
while some of their carbon output goes into plant 
growth, much of it remains in the soil. Mycorrhizal 
fungi have developed an intricate symbiotic rela- 
tionship with plants. They extend microscopic 
networks of mycelium—ultrathin strands visible 
only through a microscope—throughout the soil 
and produce a gluelike substance called glomalin 
that helps hold the soil together, makes it resistant 
to erosion, and enhances its absorption of water. 
These fungi decompose material from the roots of 
the plants to produce more nutrients and sequester 
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more carbon. They feed nutrients to the plants and, 
in return, the plants feed them tiny drops of sugar. 
This mutually beneficial symbiosis enhances pro- 
ductivity and increases nutrients and carbon in 

the soil simultaneously. Among the other harmful 
consequences of heavy plowing is the disruption of 
these delicate mycorrhizal networks. 

If we made urgent the rescue of the global 
environment—including, most prominently, 
solving the climate crisis—we would change the 
basis for farm subsidies from one that rewards 
overproduction to one that rewards the accumula- 


contour hedges or buffer strips to protect against 
erosion and to replenish nitrogen in the soil. 

> Return animals to farms and use the manure as 
natural fertilizer. 

» Eat less meat. 

» Eat from local agricultural sources as much 

as possible. 

> Support farmers’ markets. 

> Leave the crop residue on the land. 

> Use biochar ina carefully managed, publicly 
subsidized global program (but take care to use the 
right sources for the biochar; don’t use corn stover 


Change the basis for farm subsidies from 
one tnat rewards overproduction to one 
that rewards the accumulation of carbon 
in soils and restores the productivity of 


the land. 


tion of carbon in soils and restores the productivity 


of the land. 

Aglobal plan for sequestering more carbon in 
the soil would involve several elements: 
» Restore wetlands and prohibit the draining and 
cultivation of peatlands. 
» Sharply reduce plowing and convert as much 
landas possible to no-till cultivation with the use 
of mulch. 
» Plant cover crops every other year in a complex 
crop rotation cycle. 
> Plant leguminous trees every 30 feet or so as 


or other crop waste that should be returned to the 
land as protective and regenerating cover). 

> Addrhizobium bacteria and mycorrhizal fungi 
to soils as a means of speeding the recovery of soil 

fertility and the sequestration of soil carbon. 

>» Conserve, harvest, and recycle water withina 
watershed or farm. 

An effective plan would require the creation 
of positive carbon and nutrient budgets for agro- 
ecosystems, budgets in which carbon inputs 
consistently exceeded carbon outputs. Within 
these budgets, integrated nutrient management, 
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coupled with careful land-use strategies, could— 
in the opinion of many experts—have a dramatic 
impact in reducing the amount of CO, in the atmo- 
sphere. And, as previously noted, the co-benefits 
of this strategy would include increases in the 
productivity of soils and progress in fighting 
poverty, malnutrition, and hunger. 

The key to implementing such a strategy is to 
put a price on carbon and include soil carbon inflows 
and outflows as part ofa global treaty. It took many 
years to work out the basis for integrating forests 
into the framework for an international treaty 
reducing carbon emissions, and the work is due to 
be completed in the text of the Copenhagen treaty. 

Unfortunately, negotiators from developed 
countries have claimed that difficulties in measur- 
ing the amounts of soil carbon for the establish- 
ment of national baselines and the monitoring of 
losses and additions on a regular basis are still too 
great to warrant the inclusion of soil carbon ina 
global treaty. At present, the largest emissions 
trading system, the European Union Greenhouse 
Gas Emission Trading System (EU ETS), bans both 
forests and soil carbon from participation. Only 
the Chicago Climate Exchange (CCX) recognizes 
certified emissions reductions from soil carbon. 
The world must adopt standards as a prerequisite 
for creating credible emissions reductions from 
soil carbon. 

However, the enormous opportunity for 
sequestering carbon in soils should drive negotiators 
toward solutions for the problems they have cited 
as obstacles for this improvement in the treaty. 
Moreover, sub-Saharan Africa would be the biggest 
loser in any agreement that failed to recognize soil 
carbon sequestration, because the restoration of soil 
carbon in Africa represents a huge opportunity not 
only for removing carbon from the atmosphere but 
also for restoring the fertility of soils in Africa. 


In 2009, with seed money from the Bill and 
Melinda Gates Foundation, a group of soil scientists 
launched an ambitious project to create a global 
digital map of soils everywhere in the world. This 
effort, named GlobalSoilMap.net and led by Alfred 
Hartemink of the International Soil Reference and 
Information Centre, is prioritizing the mapping of 
African soils. “People are realizing that food comes 
from the land, and if you want to end hunger, you 
need to know your soil and the soil needs to be in 
good condition,” Hartemink said. 

As for the difficulty of measuring soil carbon, 
many of the leading experts on soils strongly dis- 
agree and argue that this view by negotiators from 
developed countries has been made obsolete by 
science. A great deal of work has improved the 
confidence of experts that this task is eminently 
manageable. 

The Brookhaven National Laboratory has 
innovated the use of a technology, called inelastic 
neutron scattering, for accurately reading carbon 
content in the soil to a depth of two feet whena 
tractor passes over it. Satellite-based, near-infrared 
spectroscopy can also be used in monitoring soil 
carbon content. The Los Alamos National Labora- 
tory has developed laser-induced breakdown 
spectroscopy, which can analyze representative 
samples for their carbon content. 

When coupled with sophisticated modeling 
of soil types in different areas, these and other 
emerging techniques can produce highly accurate 
measurements of soil carbon in every country and 
facilitate accurate monitoring of how much soil 
carbon is being lost or sequestered. 

The benefits both for the global environment 
and for cementing a bargain between wealthier 
countries and poorer countries make meeting this 
challenge an extremely important one. 
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The spectacular growth in world population since the 18th century—and partic- 
ularly during the 20th century, when it almost quadrupled—is obviously one of 
the principal causes of a radical change in the relationship between human civi- 
lization and the ecological system of the earth. The impact of larger numbers of 
human beings would be far less, of course, if the average consumption of natu- 
ral resources were less and if the technologies we use at present to exploit the 
earth’s bounty were replaced by better and far more efficient technologies that 


minimize the environmental damage we cause. 


As the population increased from 1.6 billion 
in 1900 to almost 6.8 billion today, powerful new 
technologies spread throughout the world even 
more rapidly—especially during the second half 
of the century. These new technologies fueled a 
dramatic expansion of economic activity that 
accelerated during the post-World War II boom. 
The globalization of industry and commerce led to 
huge increases in the amount of coal and oil used— 
and thus ever more rapid production of CO,—and 
comparable increases in the production of methane 
and other greenhouse gases. Moreover, we will add 
the equivalent of another China’s worth of people 
by 2025, mostly in low-income, developing coun- 
tries. In all of these countries, there is growing 
access to more powerful technologies that often 
magnify harmful impacts on the environment. 

For all of these reasons, any plan to solve the 
climate crisis must deal with the challenge of stabi- 
lizing global population as quickly as is feasible. Yet 
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most discussions about solving the climate crisis 
rarely touch upon population, leading some observ- 
ers to wonder if it has somehow become a taboo 
subject. Indeed, people often ask me why popula- 
tion is not more prominently mentioned in debates 
over how to save the earth’s climate balance. 

The answer is that the world’s effort to stabilize 
the growth of human numbers is actually an his- 
toric success story, albeit in slow motion. Even so, 
the question of how to stabilize population is, by 
and large, one of the rare questions around which 
there is a global consensus and a proven track 
record of emerging success. 

In the last quarter-century, demographers 
and other social scientists have made dramatic 
advances in their detailed understanding of the 
complexities involved in population growth and 
stabilization. And the application of their new 
knowledge in countries throughout the world has 
already led to a dramatic slowdown in the rate of 


° °Q ° ° ° ° 
° re} ro) re) S w S 8 
ito} it} oO o SK 6 ioe) Ce) 
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GLOBAL POPULATION GROWTH AND GARBON EMISSIONS 

Global population is still growing, but it is expected to plateau at slightly more than nine billion 
people halfway through the 21st century. However, even as human population stabilizes, green- 
house gas emissions rates are increasing. Annual carbon emissions have quadrupled since 1950, 
and their rate of growth sharply increased between 2000 and 2008. Many scientists say that 
CO, concentrations must be stabilized at 350 parts per million in the atmosphere, which would 


require a real reduction from the present concentrations. 
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population growth. With continued persistence, 
the world can now look forward to a stabilized 
global population of slightly more than nine billion 
people halfway through the 21st century. 

There is great uncertainty surrounding this 
projection, however, and doubt among many 
experts that the world’s political leaders will con- 
tinue to make the advances necessary to accom- 
plish this goal. And while the subject of population 
is certainly not taboo in discussions of climate, 
some related subjects—such as contraception and 
equality in the status of women—are tricky to deal 
with in numerous countries worldwide. 

Decades ago, demographers noticed that 
nations with higher incomes had slower population 
growth, and that those same countries had higher 
levels of industrialization. Based on this correlation, 
they concluded that the best way to slow population 


growth was to speed up industrialization of the low- 
income countries with rapidly expanding popula- 
tions. Years later, however, they realized that higher 
incomes were correlated with slower population 
growth primarily because higher-income countries 
were doing other things that were actually respon- 
sible for the shift toward smaller families. 

The new consensus understanding, which was 
embodied in the visionary agreement reached at 
the 1994 United Nations International Conference 
on Population and Development in Cairo, is that 
the dynamic at work in any national population 
is actually a complex system that shifts over time 
from one pattern—characterized by high death 
rates, high birth rates, and large families—to a new 
equilibrium pattern, characterized by low death 
rates, low birth rates, and small families. 

Furthermore, the experts in demography 
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have isolated the four factors that bring about a 
shift from the first pattern to the second. These 
factors are: 
» The widespread education of girls. 
» The social and political empowerment of 
women to participate in the decisions of their 
families, communities, and nations. 
» High child-survival rates, leading parents to 
feel confident that most or all of their children will 
survive into adulthood. 
> The ability of women to determine the number 
and spacing of their children. 

All four of these factors are linked, and all 
four must be present for the change in population 
dynamics to occur. But the good news is that expe- 
rience now proves conclusively that when all four 
factors are present, the shift to smaller families and 
slower population growth is inexorable. Indeed, 


this transition—referred to as the Demographic 
Transition—is under way in almost every nation. 
This shift has taken place so quickly and so power- 
fully in the wealthier countries that 4.4 of the 45 
developed nations with populations over 100,000 
now have fertility rates lower than required to 
maintain their populations at the present size. 
New demographic analyses completed in 2009 
show the beginning of a surprising new trend: 
many advanced countries, when they reach even 
higher levels of development, apparently experi- 
ence aslight upturn in fertility. While experts are 
still trying to understand the meaning and possi- 
ble persistence of this new trend, it is not expected 
to alter overall global population growth because 
few countries have the level of development at 
which this phenomenon appears. It is welcome 
news for wealthy countries with aging populations 
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and growing concerns about the workforce-to- 
retirement population ratio. For the time being, 
however, without immigration, the developed 
countries taken as a group would actually be declin- 
ing in population. (Incidentally, the growth in U.S. 
population, compared with Europe, is a significant 
reason why CO, emissions have grown mote rapidly 
in the United States than in Europe.) 

In fact, even though population measurements 
are usually reported as national totals, the actual 
statistics within each nation break down quite dif- 
ferently for groups whose circumstances differ 
from those of the majority. Such differences can 
be especially pronounced in minority communi- 
ties with less income, empowerment, and access 
to good child and maternal health care. One reason 
the United States is still growing faster in popula- 
tion than other developed countries is that the U.S. 
has the greatest disparity between rich and poor 
of any advanced nation, and poor families with 
less access to health care and high-quality educa- 
tion have higher fertility rates. By and large, how- 
ever, the differences between rich nations and poor 
nations are still the most relevant factor, particu- 
larly because national policies are most relevant to 
the global effort to stabilize population growth. 

In the less-developed, poorer nations, the 
Demographic Transition is also beginning to occur, 
even though many of these countries still have 
high population growth rates and will continue 
growing for a few decades at least. But the rate of 
growth is slowing even in these countries. 

Still, the continuing rapid increase of popula- 
tion in poor countries is putting unprecedented 
pressure on both the environment and the social 
fabric of families and communities. In many less- 
developed countries, impoverished subsistence 
farmers push into areas that used to be covered by 
forests, cutting and burning them in order to eke 


out a living. In the process, more of the world’s 
forests—invaluable for their ability to absorb CO, 
and to provide for the rich web of biodiversity—are 
lost, especially in the tropics and subtropics. And 
as noted in Chapter 9, the conversion of forests to 
cropland often diminishes rainfall. 

Freshwater shortages are threatening many 
of these same areas as larger numbers of people 
overwhelm supplies of drinking water and the infra- 
structure for delivering potable water to urban resi- 
dents in rapidly growing cities. In several countries, 
growing populations have depleted reservoirs and 
aquifers. In Mexico City, for example, the largest 
city in the Western Hemisphere, low levels of rain- 
fallin 2009, coupled with inadequate infrastructure 
and a rapidly growing population, led the city to cut 
off water supply to hundreds of thousands of people 
on five occasions. In addition, untreated waste has a 
harsh effect on water quality and worsens the threat 
from waterborne diseases like cholera. 

The social fabric is also stressed—not only 
by the increase in absolute numbers but also by a 
related demographic trend: urbanization. For most 
of human history, no more than 15 percent of the 
population lived in cities. In the last century, how- 
ever, that pattern has changed radically. By midway 
through 2008, for the first time, more than half of 
the world’s people were living in cities. During the 
20th century, while global population quadrupled, 
global urban population increased more than ten- 
fold. On a worldwide basis, all future population 
growth for the foreseeable future will be in urban 
areas, and rural population is predicted to actually 
decrease. Especially in the developing world, larger 
numbers of people are moving from rural areas into 
cities. More than 90 percent of the world’s con- 
tinuing urban population growth is expected to 
take place in developing countries. In China, for 
example, the urban population has increased in 


the last 30 years from under 200 million people to 
== more than 600 million people, and demographers 
project that during the next 15 years the urban pop- | 
ulation of China will increase by another 350 mil- 
sx lion people, more than the entire population of the 

United States. When Chairman Mao took power in 
»- 1949, only 11 percent of China’s population lived 
in cities. Within 20 years from now, 70 percent of 
China’s population is expected to live in cities. 

It is also worth noting that throughout the 
world, a significant percentage of the new urban 
population has been moving into low-lying areas 
of coastal cities that are vulnerable to sea-level 
rise from accelerated ice melting in Greenland and 
Antarctica this century due to global warming. 

The rate of urban population growth worldwide 
has actually slowed. But the rate of urban growth, 
according to the United Nations Population Fund, 
is now less significant than the absolute size of the 
increments, especially in Asia and Africa. And even 
a slower rate of growth in large, newly urbanized 
areas poses great challenges. In both Africa and Asia, 
overall urban population is predicted to increase 
100 percent during the next 20 years. In Nigeria, 
Lagos, the largest city, has grown from 1.9 million 
people in 1975 to 9.5 million in 2007, and is pro- 
jected to reach 15.8 million in 2025. Lagos; 
Kinshasa, Congo; and Dhaka, Bangladesh, are the 


three fastest-growing megacities in the world. 

The rapid rate of urbanization offers many 
opportunities for more efficient buildings and 
transportation systems as well as sharp increases 
in energy efficiency and conservation. Some of 
the most important solutions to the climate cri- 
sis involve new policies that seize and develop the 
rich potential for the world’s new urban growth 
to become much more energy efficient. However, 
urbanization has been accompanied by a change in 
the lifestyles of former rural residents and has thus 
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URBANIZATION AND THE GROWTH OF MEGACITIES 

For the first time in human history, more than half the world’s population lives in cities. As global population 
quadrupled over the past 100 years, the earth’s urban population increased tenfold. By 2025, the world may have as 
many as 27 megacities—urban areas with more than 10 million inhabitants. The rapid growth of megacities presents 
an opportunity to reduce greenhouse gas emissions globally. Densely populated urban areas with energy-efficient 
infrastructure—including compact neighborhoods, shorter travel distances, mass transit, and vertical housing— 
create fewer greenhouse gas emissions per capita than suburban and rural areas. New Yorkers have carbon footprints 
less than one third the size of the average American; residents of Sado Paulo have 18 percent the emissions of the average 


Brazilian. Ninety percent of urban growth is expected to occur in developing nations. 
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far led in most developing countries to significant 
increases in energy use by urban residents com- 
pared with rural residents. 

Moreover, the current pattern of urbanization 
puts an outsize emphasis on accommodating cars 
and trucks rather than modern mass transit. This 
leads to massive increases in asphalt and concrete, 
and to traffic jams, air pollution, higher energy use, 
and greater CO, emissions. One expert on urban 
planning quipped that the overriding principle that 
seems to be driving the design of most cities today 
is “make sure that all the cars are happy.” 

Even though global population increases are 
now entirely urban, demographic experts point 
out that migration from rural areas is no longer the 
largest factor in most urban population growth. 
Rather, it is natural population increase. Asa result, 
the effective strategy for stabilizing urban popula- 
tion growth is actually the same strategy that has 
already begun to work in stabilizing population 
growth generally. It all comes back to the same four 
factors that experience proves will lead inexorably 
to smaller families, slower population growth rates, 
and a stable world population that stops increasing 
halfway through the century—probably at or 
around 9.1 billion people. 

The most powerful among the four factors that 
jointly bring about the Demographic Transition 
appears to be the first: the education of girls. When 
girls are well-educated in large numbers, they find 
ways, when they grow up to be women, to acceler- 
ate their own empowerment. They often delay the 
age at which they marry and/or begin having chil- 
dren. They add their voices to those in their respec- 
tive nations who are working for better child and 
maternal health care, thus raising child-survival 
rates. Educated and empowered women also seek 
out the means for managing their own fertility so 
that they can determine the number of children 


they desire and space them as they wish. 

It is important to emphasize, however, that all 
four of these factors are necessary, and that none 
of the four can be left out. For example, in nation 
after nation, declines in the death rate precede 
declines in the birth rate by halfa generation or 
more. This stark fact puts emphasis on the central 
importance of raising child-survival rates. 

This equation masquerades as a contradiction, 
and at first glance many casual observers are puz- 
zled that lower death rates lead to smaller popu- 
lations. The explanation for this seeming paradox 
was best expressed more than 60 years ago by an 
African head of state, Julius K. Nyerere, who said 
that “the most powerful contraceptive is the confi- 
dence by parents that their children will survive.” 

The connection between lower death rates and 
smaller populations is not the only seeming par- 
adox uncovered by demographers. Many nations 
that outlaw abortion have much higher abortion 
rates than the United States, where abortion is 
mostly legal during the first two trimesters, with 
guidelines that become more restrictive during the 
second trimester and nearly prohibitive during the 
final trimester. Data from countries throughout 
the world appear to show that when women have 
access to a full range of reproductive health ser- 
vices, there are many fewer unwanted pregnancies 
that lead to abortion. 

The global communications revolution—par- 
ticularly satellite television, the Internet, and cell 
phone technology—seems to have sped up the 
movement toward more education for girls and 
more empowerment of women. For example, in 
Saudi Arabia, which used to have one of the highest 
population growth rates in the world, 55 per- 
cent of college graduates are now women. And 
sure enough, the population growth rate in Saudi 
Arabia has been slowing significantly. From 1975 
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to 1980,the average number of children in a family 
Was 7.3; Now it’s 3.2. 

On a recent trip to one of the Persian Gulf 
nations, I met a woman who worked as the pilot 
of a 747. She wore her captain’s hat over her head- 
scarf. I didn’t ask her how many children she had, 
but I’d be willing to bet it was a smaller number 
than her mother or grandmother had. 

Conversely, the poorest countries with the 
highest death rates often have the fastest rates of 
population growth. They also typically have the 
youngest average age. Niger, with one of the high- 
est death rates in the world, has the youngest popu- 
lation of any nation: median age, 15. 

The speed with which population increased 
in the 20th century, coupled with the speed of 
the Demographic Transition during the last few 
decades, has led to historic and challenging disrup- 
tions in the generational makeup of many national 
populations. In Japan, for example, the average 
number of children per family has fallen so quickly 
(and immigration is so tightly controlled) that 
overall population started declining four years ago. 
Predictably, the number of old people as a percent- 
age of the population is at an unprecedented high. 
The median age in Japan is not 15, as in Niger, but 
43, almost three times as high. 

In a number of countries, there are simultane- 
ously high percentages of old and young people, 
producing what demographers call a “high depen- 
dency ratio.” In 1960, there were 5.1 people in 
the U.S. workforce paying into the Social Security 
system for every retired person drawing a Social 
Security check. But today, that ratio has fallen to 
three working people for each retired person, and 
is on the way to a two-for-one ratio. Obviously, the 
anticipated financial burden for each working per- 
son is much higher when there are fewer in the 
workforce and more who are past retirement age. 


In most developing countries, there is no 
national safety net for the elderly comparable to 
the U.S. Social Security system, and thus, the nor- 
mal desire for children is reinforced by the need to 
rely on adult children for care in later life. In many 
cultures, this natural desire is also enhanced by 
religious and cultural practices that emphasize the 
benefits of carrying on a family name and tradi- 
tion—and by the lingering habits of formerly agri- 
cultural societies that valued larger numbers of 
children who could help bring in the family’s crops. 

Experience has proved, however, that when 
children survive into adulthood at very high rates, 
and when the other three factors are also present, 
the natural desire on the part of most people for 
fewer children seems to override all other factors 
spurring the drive toward larger families. 

The speed of population growth has itself been 
a major social and political challenge for the high- 
growth countries. All of the support systems—for 
health care, education, social security, and all the 
rest—are stretched to their capacity. And politi- 
cians in these countries typically have a difficult 
time expanding these services quickly enough to 
meet the needs of their growing populations. 

Moreover, when the number of new jobs 
lags far behind the rapidly increasing numbers 
of people desiring to enter the workforce, social 
unrest—particularly among young men—can lead 
to political instability and worse. Civil unrest, 
lack of work, and environmental degradation 
also trigger large migrations of illegal immigrants 
across national borders in search of prosperous, 
peaceful, and productive lives. And of course, the 
impact of the climate crisis—particularly in dry 
nations suffering the harsh effects of higher tem- 
peratures and soil moisture evaporation—magni- 
fies the pressure to migrate. 

When populations of impoverished migrants 
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move into areas that are already home to peoples 
with different cultures, traditions, belief systems, 
and languages, the potential for conflict and vio- 
lence increases. Secretary-General of the United 
Nations Ban Ki-moon has cited the impact of 
climate change in eastern Chad as one of the prin- 
cipal causes of the horrific violence in the neigh- 
boring Darfur region of western Sudan. When 
Lake Chad was dramatically reduced by drought, 
large numbers of Chadians moved across the 
border into Sudan. And although the principal 
cause of the genocidal violence there lies with 
political decisions made by the government of 
Sudan and the failure of the international commu- 
nity to intervene, the stage was set by the inter- 
action of the climate crisis with demography. 

It’s ironic that, during the Cold War, many con- 
servatives in the United States strongly supported 
fertility management in developing countries as 
a strategy for avoiding instability that could be 
exploited by the Soviet bloc in its effort to inspire 
Communist revolutions. At an early stage in his 
career, George H.W. Bush was a strong advocate 
of international family planning, and President 
Dwight Eisenhower was co-chairman of Planned 
Parenthood. In more recent years, the Republican 
party in the United States has made opposition to 
abortion one of the most prominent elements in 
its political agenda. Republicans have tended to 
conflate opposition to abortion with opposition to 
all fertility-management assistance in developing 
countries because of the asserted inability to sup- 
port the latter without giving funds to organiza- 
tions that also make the former available. 

This new political dynamic in the United 
States has had a profound effect on the interna- 
tional efforts to expand the availability of fertility- 
management assistance for developing countries. 
Largely as a result, among the four essential 


factors that bring about slower population growth, 
the one most hampered by political interference is 
the wider availability of contraception. Even if all 
three of the other slow-growth factors are present, 
women must have the ability to determine the 
number and spacing of their children. 

The most successful programs addressing the 
inability of poor women to manage their own fertil- 
ity are those that provide “one-stop shopping” for 
health care directed at both mothers and children. 
Pregnant mothers can receive prenatal care at such 
clinics that is invaluable for the healthy develop- 
ment of their babies, receive attention for diseases 
and conditions afflicting themselves and their chil- 
dren, and get whatever advice and help they desire 
to manage the spacing of their next child—includ- 
ing advice and help if they choose not to conceive. 

There appears to bea correlation between 
women who seek further education and further 
empowerment and those who choose to have fewer 
children. The opposition to enhancing the ability 
of women to manage their own fertility has come, 
of course, primarily from groups steeped in cultural 
and religious traditions that have long resisted the 
empowerment of women. In some areas, funda- 
mentalist orthodoxy has led to an effort to prevent 
even the education of girls and women. In areas of 
Afghanistan and Pakistan controlled by the Taliban, 
for example, there has been a renewed push to 
close schools for girls and roll back any and all gains 
in the empowerment of women. 

In most cases, however, opposition to the 
empowerment of women takes far more benign 
(but still onerous) forms. Often this opposition 
reflects broader societal reactions to rapid and dis- 
ruptive upheaval brought about by globalization, 
access to modern communications, and other cul- 
tural changes that threaten the stability and power 
of long-established sources of patriarchal authority. 
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Slowly the resistance to making available to 
women the means to manage their own fertility 
is giving way to the rising desire of people every- 
where to have smaller families. 

In 1994, Iled the U.S. delegation to the U.N. 
meeting on population and development in Egypt 
and both enjoyed and learned from extensive nego- 
tiations with representatives of nations, religious 
groups, NGOs, and others from around the world. 

Fifteen years after the development of the 
Cairo consensus, it is clear that the policies adopted 
there are working. But many wealthy, developed 
countries have failed to make good on the pledges 
of assistance that were made in Cairo and since. One 
of the principal reasons for this shortfall was the 
refusal of the Bush-Cheney administration to sup- 
port international fertility-management programs 
if there was even an indirect connection between 
contraception assistance and organizations 


providing access to legal abortions. Partly as acon- 
sequence of the Bush policy, international organi- 
zations were forced to shift their emphasis away 
from fertility-management assistance. 

There is a huge unmet need for access to fertil- 
ity management, and any comprehensive plan to 
address the climate crisis must include measures 
to meet it. Continued progress in stabilizing global 
population at or below 9.1 billion depends upon the 
willingness of the wealthier countries to keep their 
word and provide the support they have promised. 

The US. policies have been reversed by 
President Obama. Additional resources are needed 
to accelerate progress in the education of girls, 
the empowerment of women, child and maternal 
health care, and particularly to provide enhanced 
access, on the part of women in developing coun- 
tries, to the means for self-determination regarding 
the number and spacing of their children. 


HOW WE USE ENERGY 


BECAUSE TURBINES ARE AT THE CENTER 

OF ELECTRICITY GENERATION, ANY GAINS IN 
TURBINE EFFICIENCY HAVE HUGE IMPACTS. 

NEW; PRECISELY: MADE TURBINES ARE NOW 
ALMOST TWICE AS EFFICIENT AS OLDER MODELS. 


Improvements in the efficiency with which we use energy offer the biggest 
opportunities to reduce energy consumption—and CO, emissions—while saving 
money and increasing productivity at the same time. Efficiency improvements 
are also far and away the most cost-effective among the solutions to the climate 


crisis and can be implemented faster than any of the others. 
Moreover, the experience of those who have focused on this resource dem- 


onstrates that it is virtually inexhaustible, because innovation in efficiency is, 


in a very real sense, inherently renewable. Gains from efficiency continue for 


the life of the process or building. In nations and organizations that choose this 
path, success begets success. When the culture of efficiency is infused through- 


out an organization, the best ideas for further gains often come from employees 


at every level in the organization. 


The opportunities for enormous gains can be 
found in every sector of the economy—particu- 
larly in industrial processing; residential and com- 
mercial buildings; the electricity generating sector; 
the transportation sector; and even in the design of 
cities themselves. 

The huge cost savings and CO, reductions from 
improvements in efficiency are not speculative; 
they are real. Overall U.S. electrical generation 
converts only 33 percent of fuel to electricity, but 
combined heat and power (CHP) plants extract 
more than twice as much useful energy by using 
energy twice. A recent study by the World Alliance 
for Decentralized Energy found the United States 
could cut 20 percent of its total CO, emissions by 
installing CHP plants and save $80 billion per year. 
And there are more savings possible in the use of 
electricity. For example, the International Energy 
Agency (IEA) found that, “On average, an addi- 
tional $1 invested in more efficient electrical 
equipment and appliances avoids more than $2 in 


investment in power generation, transmission, 
and distribution infrastructure.” 

Virtually every study reaches these same con- 
clusions, and yet we have had difficulty choosing to 
implement efficiency measures on a large scale. 

According to efficiency expert Robert Ayres, in 
1900 the U.S. energy system converted 3 percent 
of the potential into useful work. After more than 
a century of technical progress, the United States 
converts only 13 percent of the potential work in 
the fuel we burn into useful work, thus still wast- 
ing 87 percent of that potential. One of the reasons 
for our failure to do so is that the opportunities are 
spread out over so many different technologies in 
so many different settings. 

But energy-efficiency experts have identified 
several opportunities where some of the greatest 
energy savings can be found: 
> The capture and recycling of wasted heat 
energy from electricity generation and from heat- 
intensive industrial processes. 


CLECtriclt 


INTERNATIONAL ENER 


THE U.S. LEED PROGRAM CERTIFIES NEW, HIGHLY 
EFFICIENT ARCHITECTURE. THE ALDO LEOPOLD 
LEGACY CENTER IN WISCONSIN HAS EARNED THE 
HIGHEST LEED HONORS. 


THE (OFTEN NEGATIVE) COSTS OF REDUCING GREENHOUSE GASES 


Starting in 2006, McKinsey & Company launched a 
now-famous study of different ways to reduce emis- 
sions of greenhouse gases (GHGs). The chart below, 
known as the global GHG abatement cost curve, dis- 
plays the abatement potential and costs associated 
with about 200 of the most important GHG abatement 
opportunities. 

One significant finding is that nearly 40 percent 
of the potential reduction in emissions worldwide can 
actually save money in the near term! 
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The options in the green portion of the chart have a 
negative cost, which indicates a net benefit or savings 
over the lifetime of each option. The study’s conclusion 
is that the world can reduce COze emissions to stabilize 
concentrations in the atmosphere at 450 parts per mil- 
lion of COze with investments of as little as 0.6 percent 
of the GDP—largely because of the savings made pos- 
sible by gains in efficiency. 
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» The replacement of inefficient industrial 
electric motors with far more efficient modern 
motors. 

» Adequate insulation of buildings in every 
sector—particularly residences. 

> The replacement of inefficient windows, light- 
ing systems, hot water heaters, appliances, and 
electronics with more efficient modern versions. 
» Higher fuel-economy standards for cars and 
trucks and the greater use of mass transit. 

The favorable economics of introducing effi- 
ciency gains are clear and compelling. Any nation 
adopting a determined and persistent national 
strategy for implementing pervasive improve- 
ments in the efficiency with which energy is con- 
verted to useful work will quickly find that this is, 
by far, the most effective way to save energy and 
reduce global warming pollution. 

This is true in rich and poor countries alike. 
McKinsey & Company found ina report published 
inJuly 2009 that the United States could reduce its 
projected energy consumption 23 percent by 2030 
simply by making economically beneficial invest- 
ments in energy efficiency. Earlier, a report by the 
McKinsey Global Institute found that develop- 
ing countries “could reduce their energy demand 
growth by more than half...and reduce their energy 
consumption in 2020 by 22 percent from the pro- 
jected levels. ... Boosting the energy productivity 
of developing countries’ economies alone has the 
potential to reduce global CO, emissions by 15 per- 
cent in 2020, making it critical from the global cli- 
mate change perspective.” 

For example, Johnson Controls, one of the lead- 
ers in industrial energy efficiency, points out that 
while Japanese factories run at an efficiency level of 
85 percent or better, Chinese factories run at only 
50 percent efficiency. Since each 10 percent reduc- 
tion in factory efficiency represents a doubling of 


energy consumption, the result is that Chinese fac- 
tories use an average of 350 percent more energy 
than Japanese factories for each unit of output. 
The United States went through a brief period 
of careful attention to efficiency gains, from 
1977 through 1985—in the first serious effort to 
reduce oil consumption, after the oil embargoes 
of the 1970s—and the results were stunning. In 
response to intelligent and focused policies pur- 
sued by President Jimmy Carter and continued 
through the first years of Ronald Reagan’s presi- 
dency, the United States cut oil use by17 percent 
while increasing economic output by 27 percent. 
Our dependence on imported oil dropped by half 


CALIFORNIA LEADS THE WAY 

Since the energy crises of the 1970s, California’s laws have 
encouraged efficiency. Over the past 25 years, the state’s 
per capita electricity use has remained flat, while that of 


the rest of the U.S. has jumped by 60 percent. 
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NEW STEELMAKING TECHNOLOGIES, SUCH AS 
THIN-SLAB CASTING, CAN SAVE LARGE AMOUNTS 
OF ENERGY, LOWER CO2 EMISSIONS, AND REDUCE 
PRODUCTION COSTS BY UP TO 20 PERCENT. 
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and, inresponse, OPEC was forced to cut oil prices 
significantly. Yet when the emphasis on conserva- 
tion was allowed to lapse, we slowed the rate of effi- 
ciency gains. There were continued improvements, 
and our energy use per unit of GDP decreased bya 
third between 1985 and 2008. Nevertheless, our 
dependence on imported oil skyrocketed once 
more, and oil prices started climbing rapidly again. 

One state that did not lose its focus on effi- 
ciency was California. Art Rosenfeld, the state 
energy commissioner who designed California’s 
efficiency initiative, points out that energy use 
in his state had increased rapidly from the end of 
World War I until the first oil embargo in 1973, 
just as it had in the rest of the country. However, 
in the past three decades, California’s total per cap- 
ita electricity consumption has not increased at all, 
even though its per capita economic output almost 
doubled. Meanwhile, in the rest of the nation, 
per capita electricity use increased by more than 
60 percent over the same period, with virtually 
the same economic-output gains. 

Compared with 1993, the ratio of energy use 
to each dollar of GDP in California has been cut in 
half, and the total savings for the state from energy 
efficiency have been roughly $1 trillion. The experi- 
ence in California and a few other states has proved 
that the cost of efficiency measures that avoid 
electricity use is typically far less than the cost of 
building new generating capacity. These impressive 
results were achieved with the decoupling of util- 
ity incentives from increased energy use, higher 
standards for efficiency in appliances and buildings, 
and higher mileage requirements for automobiles 
than in the rest of the United States. 

In the global economy as a whole, using fuel 
twice by simultaneously generating electricity 
and thermal energy offers the largest opportuni- 
ties for energy efficiency savings. Although many 


of the most important opportunities for large sav- 
ings are specific to particular industries—and there 
are literally hundreds of examples—there are four 
that are frequently mentioned by energy-efficiency 
experts as being among the most valuable. 

First, one of the largest opportunities for effi- 
ciency gains throughout the industrial sector of 
the global economy is through the replacement of 
older inefficient electric motors with much more 
efficient modern motors that pay for themselves in 
a short period of time—and then achieve further 
efficiency gains through the optimization of their 
motor-driven systems. 

According to the Department of Energy’s 
Office of Energy Efficiency and Renewable 
Energy, “Motor-driven equipment accounts for 
64 percent of the electricity consumed in the 
U.S. industrial sector.” Indeed, electric motors are 
ubiquitous throughout global industry and, for 
the most part, are extremely inefficient. Electric 
motors play a similarly prominent role in indus- 
trial activity around the world. 

According to Amory Lovins, perhaps the 
world’s leading expert on energy efficiency, 
“Motors use three fourths of industrial electric- 
ity, three fifths of all electricity, and more primary 
energy than highway vehicles. This use is highly 
concentrated: about half of all motor electricity is 
used in the million largest motors, three fourths 
in the three million largest.... A comprehensive 
retrofit of the whole motor system typically saves 
about half its energy and pays back in around 
16 months.” Moreover, Lovins adds, the new, more 
efficient industrial motors are almost always qui- 
eter, more reliable, and easier to operate. 

The larger electric motors can often be replaced 
with new, more efficient motors that produce sav- 
ings that exceed their purchase price in only a few 
weeks of electricity usage. Even when factoring in 
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the cost of lost production time for the period nec- 
essary to replace these engines, most factories can 
save money and reduce pollution by choosing the 
more efficient motor design. 

Second, steel mills have traditionally required 
enormous amounts of energy to first melt the met- 
als into a liquid, in order to cast thick sheets— 
which are then heated a second time in order to 
recast the steel into the particular form desired, 
whether J-beams, slabs, sheets, or some other 
form. Recent advances known as “thin-slab cast- 
ing” and “direct casting” now make it possible to 
dispense with the second heating and recasting 
step—saving prodigious amounts of energy and 
GO, emissions. In the new, more efficient pro- 
cess, the steel is cast directly from its liquid state 
into the final form desired. Many experts claim the 
resulting product is not only 20 percent cheaper 
to produce but also both lighter and stronger than 
steel made by the older process. Although this new 
technology was first employed in “mini-mills,” it 
has now advanced to the point where it can be used 
in large mills as well. 

Third, fluid handling—with pumps and piping 
systems—is common in most manufacturing 
plants and commercial buildings. Indeed, more 
than a quarter of the electricity used by industrial 
systems in the manufacturing sector is used to 
power pumps. In addition, municipalities use lots 
of pumps for water and wastewater transfer and 
treatment. However, engineers have traditionally 
erred on the side of oversizing pumps and have 
often failed to optimize the interaction of the over- 
all system of pumps and pipes. By replacing older 
inefficient pumps with modern versions, redesign- 
ing piping systems to optimize the efficient flow 
of fluids, and choosing the most efficient size of 
pump for each task, many companies have found 
enormous energy savings, increased productivity, 
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lower production and maintenance costs, and bet- 
ter reliability and product quality. 

Fourth, most oil refineries and many chemical 
processors rely on a very energy-intensive first 
step called “distillation” that many experts say 
can be profitably replaced by a much more energy- 
efficient technique known as “membrane 
separation.” The rapidly advancing design and 
manufacture of highly specialized membranes has 
recently found new applications in many fields. 

In just the past 10 years, specialty membranes 
have been designed for gas separation in these two 
industries, requiring a small fraction of the energy 
used in the traditional distillation process. 

In some industries, recycling of widely used 
materials can sharply reduce the energy require- 
ments for reprocessing. For example, increased 
use of paper recycling could also save enormous 
amounts of energy and help avoid increased defor- 
estation in the world. (This book is printed on 
100 percent recycled paper manufactured ina mill 
certified by the Sustainable Forestry Initiative 
and the Forest Stewardship Council operated by 
Newton Falls Fine Paper, which has purchased car- 
bon offsets for the production of the paper.) 

Recycling offers even larger gains in the alumi- 
num industry. The production of aluminum from 
bauxite ore is one of the most energy-intensive 
processes in the global economy. However, 95 per- 
cent of the energy can be eliminated by process- 
ing recycled aluminum instead of producing fresh 
quantities from bauxite. Yet vast quantities of alu- 
minum are discarded annually, filling up landfills 
unnecessarily. 

In the United States alone, more than 50 bil- 
lion aluminum cans are thrown away each year— 
more than half of the 100 billion aluminum cans 
sold each year. The Container Recycling Institute 
reported that in just the 10 years between 1990 


and 2000, citizens of the United States wasted 
enough aluminum cans “to reproduce the world’s 
entire commercial air fleet 25 times.” Large quan- 
tities of aluminum are also discarded—instead 

of being recycled—in the form of appliances and 
other durable goods made of aluminum. 

Another 50 billion containers—in the form of 
plastic bottles made of polyethylene terephtha- 
late (PET)—are thrown away by Americans each 
year instead of being recycled. The phthalates in 
these bottles, by the way, have been identified by 
scientists as “endocrine disruptors,” and have been 
linked by many medical experts to sexual defor- 
mities in babies, lower sperm counts, diminished 
sperm quality, and other health problems. The 
Endocrine Society has warned that phthalates and 
other endocrine disruptors are “a significant con- 
cern to public health.” 

When you add the 29 billion glass bottles and 
seven billion higher-density plastic bottles and jugs 
that are also thrown into landfills each year instead 
of being recycled, it means that there are nine alu- 
minum, plastic, or glass containers thrown away 
every week on average by every man, woman, and 
child in the United States. If they were routinely 
recycled instead, the energy saved in making new 
containers would equal the energy equivalent of 
53-5 million barrels of imported crude oil—which 
would be the equivalent of eliminating all the gas- 
oline used by two million cars. 

One of the largest opportunities for efficiency 
gains—an opportunity that is present in elec- 
tricity generation and in many industrial sectors— 
involves the capture of waste heat. Indeed, most 
industrial facilities using large amounts of heat 
can profitably capture their wasted thermal 
energy and reuse it in their own processes—or 
sell it for use in nearby buildings for space heating 
and cooling. They can also simultaneously use 
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their waste heat to generate electricity on-site— 
thereby significantly reducing their purchases of 
electricity from utilities, and thus sharply reducing 
CO, emissions. 

Using energy sequentially for two productive 
purposes is called cogeneration, or combined heat 
and power (CHP). Entrepreneurs like Tom Casten, 
chairman of Recycled Energy Development, have 
demonstrated time and again how industrial com- 
panies that are willing to invest in cogeneration 
technologies can become more efficient and more 
profitable in a short period of time. 


HOW COGENERATION WORKS 


The Oak Ridge National Laboratory (ORNL) 
concluded in a major study that CHP is “a proven 
and effective energy option, deployable in the near 
term, that can help address current and future U.S. 
energy needs,” adding, “Energy efficiency, includ- 
ing CHP, is the least expensive and most rapidly 
deployable energy resource available today.” 

In the United States, a Department of Energy 
study calculated in 2007 that the potential for 
CHP generation from industrial operations cur- 
rently emitting recoverable waste heat is 
equivalent to the output of 40 percent of the 


Cogeneration, or combined heat and power (CHP), systems use a single fuel source to create and capture both electricity and 


heat. (In conventional power plants, two thirds of the heat is wasted.) The captured heat can be used in various ways, includ- 


ing the creation of steam for electricity and direct space heating. The efficiency of a CHP plant can reach 80 to 90 percent. 
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coal-fired generating plants now producing elec- 
tricity in the United States. 

ORNL also calculates that by 2030, the wide 
use of CHP in settings where it is profitable would 
“create nearly one million new highly skilled, tech- 
nical jobs throughout the United States. CO, emis- 
sions could be reduced by more than 800 million 
metric tons per year, the equivalent of taking more 
than half of the current passenger vehicles in the 
United States off the road.” According to ORNL’s 
analysis, if only 20 percent of generation capacity 
came from CHP in the United States, “over 
60 percent of the projected increase in CO, emis- 
sions between now and 2030 could be avoided.” 
And 20 percent is not a very aggressive target. 


a short period of time and still reduce the overall 
cost of energy. 

Arecent study by experts at the American 
Council for an Energy-Efficient Economy (ACEEE) 
and the International District Energy Association 
(IDEA) found that the industrial sector of the 
economy has “the greatest potential for near-term 
growth. The majority of this capacity exists in 
industrial sites with large steam loads.” 

Ona global basis, the International Energy 
Agency reports that five industrial sectors that use 
large amounts of heat in their processing—food 
processing, pulp and paper, chemicals, metals, and 
oil refining—“represent more than 80 percent of 
the total global electric CHP capacities.” 


“Energy efficiency, including CHP is the 
least expensive and most rapidly deploy- 


able energy resource available today.’ 


A few countries have already expanded their use 
of CHP, with five countries now getting between 
30 and 50 percent of their total power generation 
from CHP: Denmark, Finland, Russia, Latvia, and 
the Netherlands. 

In fact, if all of the wasted energy from U.S. 
factories was captured and recycled, the amount 
of energy saved could reduce fossil fuel use and 
CO, emissions in the United States by approxi- 
mately 20 percent. Moreover, the true market cost 
of these investments would pay for themselves in 


OAK RIDGE NATIONAL LABORATORY 


Unfortunately, these industries are still 
exceptions. In fact, almost every industry that 
uses large amounts of heat energy could profitably 
employ cogeneration technologies and sharply 
reduce its energy bills and global warming 
pollution. However, the IEA concluded, “Despite 
increased policy attention in Europe, the United 
States, Japan, and other countries, the share 
of CHP in global power generation has remained 
stagnant for the past several years at around 
9 percent.” 
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Moreover, the United States is well below the 
average for major industrial countries, and the 
ACEEE notes that one of the reasons is “many 
facility managers are unaware of technology devel- 


opments that have expanded the potential for cost- 


eitective GHP” 
But a wide variety of experts agree that the 
principal barrier to the wider use of CHP in the 


United States is that electric utilities actively block 


its use through a variety of discriminatory prac- 
tices designed to maximize their profits and avoid 
competition from lower-cost energy generated by 
their customers on-site. 

As the Oak Ridge National Laboratory puts 
it, “Many current U.S. rate structures that link 
utility revenues and returns to the number of 
kilowatt-hours sold are a disincentive for utili- 
ties to encourage customer-owned CHP and other 
forms of onsite generation.” As Tom Casten puts 
it, “Electricity is a cost-plus world.” And most 
people are familiar with some of the gross 
abuses caused by the “cost-plus” formula in U.S. 
defense contracting. 

Electric utilities in most states are using a vari- 
ety of techniques to block CHP use by their larg- 
est customers. Often, they petition regulators to 
require industrial facilities desiring to use CHP to 
pay for expensive backup generating capacity to 


protect the utility against a sudden surge in demand 


in case the CHP system fails. Although this sounds 
reasonable in principle, the tactic is routinely used 
in ways that raise the price of CHP to cover wildly 
improbable contingencies. It is not unusual for util- 
ities to try to force industrial customers to make 
large unprofitable investments to protect against 
acontingency that statistical analysis shows has a 
one in six million chance of occurring. 

The ACEEE notes that many utilities also 
charge “prohibitive ‘exit fees’ to customers that 


build CHP facilities.” The organization lists among 
other roadblocks to CHP: 
> The failure of current regulations to recognize 
or give credit for the superior energy efficiency of 
CHP and the lower emissions resulting from the 
displacement of electricity generation no longer 
needed. 
» Distorted depreciation schedules for CHP 
investments that can run as long as 39 years— 
when the true depreciation schedule should be 
seven years. 
» The lack of national standards for the inter- 
connection of CHP to the electric grid—opening 
the door for some utilities to require prohibitively 
costly studies and unnecessarily expensive equip- 
ment as a means of discouraging the use of CHP. 

There are generous investment tax credits 
and production tax credits for renewable energy, 
but until 2009, no credits for CHP. Put another 
way, governments provide the power indus- 
try with almost no incentives to deploy efficient 
CHP. Most states do not recognize CHP as part 
of the Renewable Portfolio Standards that many 
states have adopted. Another major barrier is treat- 
ing power from a local CHP plant as equivalent 
to power from a remote central generation plant, 
completely ignoring the value of local generation 
in avoiding investment in transmission and distri- 
bution wires, and avoiding the line losses of mov- 
ing power from remote generation to users. If CHP 
plants were paid fairly for avoiding these costs, 
entrepreneurs would rush to build more efficient 
local generation. 

Moreover, the political power and influence 
of utilities has frequently been used to block 
changes in obsolete legal and regulatory provisions. 
For example, 49 states ban use of a private wire 
to move electricity across a public street. A univer- 
sity that installs a CHP plant can move the steam 
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across public streets to all of its facilities, but must 
pay exorbitant rates to the local utility to move 
the electricity across public streets. 

California and a few other states have decou- 
pled the profit opportunities for utilities from the 
constant pressure to sell more energy. California’s 
plan enables energy utilities to share in the savings 
GHP and other energy-efficiency programs make 
possible for residential and commercial customers. 
If all states adopted a similar approach, the need for 
new generating capacity would fall dramatically. 

Even more outrageous than the practice by util- 
ities of blocking the use of CO,-reducing cogenera- 
tion technologies by their largest customers is the 
fact that the utilities have failed to build their own 


The volume of energy wasted is enormous. 
According to ORNL, “The energy lost in the United 
States from wasted heat in the utility sector is 
greater than the total energy use of Japan.” The 
Center for Building Performance and Diagnostics at 
Carnegie Mellon University reports that 65 percent 
of all the energy consumed to generate electricity 
in the United States each year is lost. (The Electric 
Power Research Institute found that roughly 
10 percent of the electricity coming out of the 
generators is also lost during transmission and 
distribution.) The McKinsey Global Institute adds, 
“With conversion efficiencies ranging from less 
than 30 percent in older coal generators to 60 per- 
cent in advanced combined-cycle gas turbines, 


sixty-five percent of all the energy 


consumed to generate electricity in the 
United States each year is lost. 


new generation using waste-energy streams from 
their customers’ factories and have also failed to 
develop new appropriately sized generation near 
customers that could use the by-product heat. 
Indeed, the absurdly wasteful way in which we now 
generate most of our electricity needlessly doubles 
fuel use, cost, and CO, emissions. These old elec- 
tricity-only plants are long beyond their planned 
lives, propped up by their right to pollute. It is time 
to replace them with distributed CHP plants. This is 
one of the single largest sources of huge, profitable, 
near-term reductions in CO, emissions. 
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there are large opportunities for reducing losses in 
both new and existing generation plants.” 

Nevertheless, there are hundreds of plants pro- 
posed for construction in the world today that will 
generate electricity only, wasting 40 to 65 percent 
of the fuel instead of generating heat and power and 
achieving 65 to 95 percent efficiency. 

The potential savings are so large that, accord- 
ing to McKinsey, “in many regions, it makes 
economic sense to replace inefficient, old power 
capacity because future energy savings pay for 
the investment cost of new, more efficient 


wisi) (OWN ICIIONIC IE 


equipment.” According to the National Science 
Foundation, the typical large power plant has an 
average efficiency of 30 percent, with additional 
losses of electricity in transmission. By shifting to 
CHP, coupled with distributed generation, we could 
achieve an average efficiency of 80 percent, with 
virtually no transmission losses. 

Unfortunately, most utility regulators con- 
tinue to use outdated approaches that make it 
more profitable for utilities selling electricity to 
waste two thirds of the energy in the fuel they 
burn. The regulatory barriers preventing the avoid- 
ance of this inefficiency have held improvements 
in the efficiency to power generation of less than 


A BETTER LIGHTBULB 
While Thomas Edison’s incandescent bulbs were more 
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1 percent in the past 50 years—since Dwight David 
Eisenhower was president. 

Ironically, CHP was first used more than 
125 years ago. On September 4, 1882, at precisely 
3 p.m., Thomas Edison flipped a switch to begin 
operating the world’s first electricity generating 
plant, in lower Manhattan. It turned on the new 
electric lights he had installed in the offices of The 
New York Times and other leading newspapers of 
the day, Wall Street brokerage houses, the Stock 
Exchange, and several major banks. 

The Times reported the following day that 
the new lights were “soft, mellow, and grateful 
to the eye... with no nauseous smell, no flicker, 
and no glare.” The reporter, referring to his col- 
leagues at the paper, said that the new lights were 
“tested by men who have battered their eyes suf- 
ficiently by years of night work to know the good 
and bad points of a lamp, and the decision was 
unanimously in favor of the Edison electric lamp as 
against gas.” 

Significantly, this same observer noted that 
“there was a very slight amount of heat from 
each lamp, but not nearly as much as from a gas- 
burner—one fifteenth as much as from gas, the 
inventor says.” Indeed, the wasted heat from 
Edison’s incandescent bulbs was only a fraction of 
the wasted heat from old gas lamps. But it still gave 
off only 1.4 lumens (a lumen is the standard unit 
of measurement for visible light) for each watt of 
electricity it consumed. 

Modern incandescent bulbs are more effi- 
cient still, yielding 15 to 20 lumens per watt, with 
the latest versions at or above the high end of that 
range. The new compact fluorescent lightbulbs 
(CFLs) have received so much attention because 
they are four times as efficient in the use of elec- 
tricity and last four times as long before they 
have to be replaced. While early versions of CFLs 
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irritated many users with their lower output of 
light compared with the incandescent bulbs that 
most people are still used to, newer versions are 
now brighter. 

And an even newer form of lighting, light- 
emitting diodes (LEDs), has already achieved 100 
lumens per watt of electricity and is doubling in 
efficiency every 18 to 24 months. Newer consumer 
versions of these LED bulbs are expected to be 
available in designs that fit standard light sockets 
within one year. 

The potential savings from the wide substitu- 
tion of new LED lights for incandescent lights are 
astonishing. Approximately 12.5 percent of global 
electricity production is used for lighting. Better 
and more efficient street lighting can bring espe- 
cially large savings for cities. 

Just as Edison’s first lightbulb was far less effi- 
cient than modern incandescent bulbs, his first 
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generator—named after P.T. Barnum’s famous 
African elephant, Jumbo—was far less efficient 
than those of today. Jumbo captured only 3 to 

4 percent of the energy in the coal Edison burned 
to produce electricity, while today’s generators 
are 10 times as efficient. 

Yet they still dump two thirds of the heat 
into the atmosphere instead of reusing it to 
produce more electricity, or recapturing it for 
other purposes. 

Even though Edison’s first electricity generator 
was less efficient than today’s generating facilities, 
he was nevertheless careful to capture the waste 
heat and put it to productive use. A few years after 
starting his first generator in Manhattan, Edison 
personally inspected another new electrical sys- 
tem that had been installed to power the Hotel Del 
Coronado in San Diego. This hotel was the first to 
get district heating from combined heat and power. 
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As a result of the energy losses related to internal-combustion engines and other energy-using systems in conventional 


cars, less than 13 percent of the energy in a gallon of gasoline actually moves a typical car. Most of that energy moves the 


car itself, with less than 1 percent going to move the person inside the car from point A to point B. 


District heating and district heating and 
cooling are the terms used to describe systems 
that can transfer otherwise wasted heat from 
electric generation to surrounding buildings. In 
typical European systems, hot water from the 
CHP system is piped under the streets through- 
out a city and into heat exchangers installed in 
the buildings where it is used for space heating — 
and, with absorption chillers, for space cooling. 
This thermal energy is a by-product of electricity 
generation and displaces boiler fuel throughout 
the city. 

Indeed, one of the most important guidelines 
for experts in energy efficiency is to design energy 
systems that avoid the transformation of energy 
from one form into another. Any such transforma- 
tion inevitably results in the loss of large amounts 
of overall energy. For example, when natural gas is 
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burned to produce electricity, which is then used 
in electric stoves to produce heat for cooking, the 
transformation of the energy in the gas is reduced 
by 65 percent in the first transformation; another 
10 percent of what remains is lost during the trans- 
mission and distribution of the electricity; further 
losses occur when the voltage is stepped down for 
distribution into the home; and yet more is lost 
when the electricity is transformed back into heat 
at the stove. 

The most efficient applications for district 
heating thus far have been supplying thermal 
energy to large institutions such as hospitals, uni- 
versities, and military bases, where the institu- 
tion is able to heat all of its buildings with a single 
installation and a single contract. 

In recent years, the fastest growth for district 
heating and cooling systems has been in urban 
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downtown areas—with particular emphasis on 
cooling systems. For example, Helsinki, the capital 
of Finland, has long received more than 92 percent 
of the heat for its buildings from CHP—and has gen- 
erated so much electricity at the same time that it 
sells the excess to other Nordic countries. According 
toa report from Helsinki Energy in 2008, the entire 
nation of Finland receives almost 50 percent ofits 
space heating from district heating systems, and 
75 percent of that heat is supplied by CHP plants. 

One of the surprising leaders in the use of dis- 
trict heating is Russia, which receives more than 
30 percent of its total power generation from com- 
bined heat and powerand uses hot water for district 
heating. Germany and China both get more than 
10 percent. But other countries, including the 
United States, have not yet exploited even a fraction 
of the potential of this energy-efficient approach. 

Smaller-scale CHP units have been successful 
in Europe and Japan, providing heating and cooling 
for individual buildings. As an example, there are 
now more than 50,000 homes in Japan with a CHP 
device—either a small piston engine or a small tur- 
bine—that operates only when the home requires 
heat or hot water, and then runs just enough to pro- 
duce the heat. The by-product electricity winds the 
meter backward. The systems are 90 percent effi- 
cient, and the community wins. However, such 
systems and larger CHP plants have not yet been 
widely used in the United States and elsewhere. 
Still, the growing interest in “self-powered build- 
ings” is beginning to create increased demand for 
these smaller-scale applications. 

In 1882, Edison sold electricity as direct cur- 
rent—which, at the low voltage then used, could 
be profitably transmitted only halfa mile. Six years 
later, Nikola Tesla, a brilliant Serbian immigrant 
briefly employed by Edison, invented alternating 
current and then—with financing from George 


Westinghouse—started his own business compet- 
ing with Edison. The radius over which alternating 
current could be transmitted gave it a decisive tech- 
nology advantage, and AC power quickly became 
the new standard. 

Because utilities using the new AC generators 
could service many more customers, they quickly 
began to build larger generators in an effort to 
capture economies of scale. However, the large 
amounts of coal these generators burned produced 
unacceptable quantities of air pollution, and by 
the 1930s, these generators began to be located 
some distance from downtown areas. Asa result, 
they were no longer close to the large buildings 
that could easily use the otherwise wasted ther- 
mal energy they created. The buildings installed 
boilers and burned more fuel to create the heat the 
electricity-generation plants just threw away. Inan 
era of cheap fossil fuel and little appreciation for the 
problems of air pollution and global warming, we 
stopped using energy twice. The electricity indus- 
try in the United States and elsewhere adopted the 
habit of simply dumping all of its waste heat into 
the atmosphere. 

Over time, this inefficient technique became 
accepted as normal, and utility regulations devel- 
oped in ways that rewarded only capital investment, 
requiring utilities to pass on all efficiency gains to 
customers. Asa result, in most jurisdictions, utili- 
ties receive no incentive for increasing efficiency by 
capturing and recycling their waste heat. Incredibly, 
this distorted use of regulatory power makes it 
more profitable for most electric utilities to com- 
pletely waste two thirds of the energy in the coal, 
gas, and other fuels they burn. Virtually all of this 
wasted heat could be economically recaptured at 
the point of generation and used efficiently for 
additional electricity—thus displacing the need for 
more coal and more generating capacity. 
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The Clean Air Act of 1970 grandfathered old, 
inefficient plants on the assumption that these 
older facilities would eventually wear out and be 
replaced, but the economic value of this right to 
continue polluting at high levels has given old gen- 
eration plants virtual immortality. The average age 
of coal-fired generating plants has continued to 
increase because this legal distortion gives them 
such a large economic advantage over new, more 
efficient plants. 

Since the wasted heat energy is free, and the 
CO, produced in creating it is emitted whether 
the waste heat is recovered or not, this energy is 
effectively CO,-free. Capturing this energy to 
displace the burning of yet more carbon fuel would 
simultaneously reduce CO, emissions and the cost 
of energy—thereby increasing the efficiency and 
competitiveness of industries and businesses that 
would gain the benefit of reduced electricity costs. 

Any serious effort to recapture the enormous 
amounts of energy wasted due to inefficiency 
each year must also focus on buildings. The United 
Nations Environment Program estimates that 
30 to 40 percent of CO, emissions worldwide 
are from heating, cooling, and lighting buildings 
that leak energy like sieves. The United States 
is at the top of the building inefficiency range, 
with almost 40 percent of CO, emissions coming 
from buildings. 

The largest energy savings in the built environ- 
ment can come from retrofitting homes with ade- 
quate amounts of insulation and proper weather 
stripping. Unfortunately, as noted in Chapter 15, 
builders and developers of homes have different 
incentives from owners; in an effort to minimize 
the first purchase price of homes, they often install 
significantly less insulation than is necessary to 
ensure that the home is energy efficient. 

Although building practices and technology 


have improved in recent years, most building codes 
are still based on outdated knowledge and do not 
reflect most of the new opportunities that are now 
available. As just one example, many local codes 
require constant lighting of certain common spaces 
and emergency exits, even though modern sen- 
sors can detect when people are present and turn 
on lights. National standards for building codes can 
rectify this problem, though political resistance to 
change is, as always, difficult to overcome. 

Most efficiency improvements require an 
up-front investment that pays for itself over time, 
which means that homeowners who do not have 
the cash for the initial investments must borrow 
the money for the initial expense and then sub- 
tract the cost of the capital from the amount paid 
back in the form of reduced energy bills. What 
homeowners need is a source of low-interest loans 
to finance efficiency upgrades, a readily available 
source of reliable knowledge about what works 
best, and a network of one-stop service provid- 
ers who compete to conduct inexpensive or free 
energy audits as the first step in identifying the 
most cost-effective efficiency upgrades for each 
individual home. As mentioned in Chapter 15, the 
current obsessive focus on short time horizons fur- 
ther discourages large investments in the present 
that are repaid in savings that stretch out overa 
period of years. 

When this bias in our habitual way of think- 
ing is added to the split incentives between builders 
and owners of structures, and the unfamiliarity 
that many builders as well as homeowners have 
with the new opportunities for saving, the result 
is huge and unnecessary energy losses from most 
buildings in the U.S. and many other countries. 

Legislation now pending in the U.S. Congress 
would require energy audits and establish mini- 
mum efficiency standards when new homes are 
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The cumulative effect of efficiency improvements in homes can offer significant reductions in greenhouse gas emissions. 
Improvements range from replacing old windows (top left) and installing better insulation (top right) to switching to efficient 
appliances (middle left) and compact fluorescent lightbulbs (middle right). Further home retrofits include rooftop solar water 
heaters (bottom left) and green roofs (bottom right). 


265 LESS IS MORE 


built or when old ones are sold. Other countries— 
Germany, Sweden, and Japan, for example—have 
already made good use of such laws. 

In recent years, there have been efforts to 
establish green building standards, such as the 
LEED (Leadership in Energy and Environmental 
Design) certification. The energy savings—and 
consequent CO, reductions—from using new, 
energy-efficient forms of construction are so great 
that most homeowners can benefit significantly 
by retrofitting their homes with more insulation, 
better lighting, and better windows. 

Older homes are, of course, usually the most 
inefficient but can be upgraded with investments 
that typically pay for themselves through saved 
energy bills in less than three years. Moreover, the 
retrofitting of inefficient residential and commer- 
cial buildings to make them more energy efficient 
would create millions of jobs in the United States 
that cannot be outsourced. And of course, similar 
efforts in other countries would also create employ- 
ment and strengthen the global economy. 

Modern furnaces, air conditioners, and heat 
pumps usually save so much energy compared 
with older versions that they too recover their pur- 
chase price ina short period of time. In addition, 
the wider use of ground source heat pumps— 
particularly with new construction—(as discussed 
in Chapter 5) can utilize the natural thermal energy 
of the earth itself to sharply reduce heating bills in 
winter and cooling bills in summer. 

One of the biggest sources of wasted energy 
in buildings is leaky ductwork. Since the leaks, 
and the wasted energy they cause, are hidden 
in walls, attics, and basements, these losses are 
usually invisible—except when the utility bill 
comes each month. And since there is no division 
between energy used and energy wasted when 
you get the bill, it doesn’t occur to most people 


to fix the leaks in their ducts. 

When the state of California began to focus on 
energy efficiency, it found that residential air ducts, 
on average, were leaking 20 to 30 percent of the air 
for heat and air-conditioning that flowed through 
them. The state now requires leakage rates of less 
than 6 percent and inspects every seventh new 
house to enforce the standard. 

Most windows in buildings are so inefficient 
that they leak huge amounts of heat to the outside 
air during winter and allow almost as much heat 
from the outside into the building during summer. 
The new, much more efficient windows on the 
market today are more expensive but pay for them- 
selves many times over in the form of significantly 
lower energy bills for the owner of the building— 
by cutting heat loss in winter by two thirds and 
reducing unwanted heat gain during summer by 
one half. In commercial buildings, many architects 
have rediscovered the virtues of allowing people to 
actually open windows at times when doing so can 
save energy. 

Architects and builders are also paying new 
attention to the design and construction of roofs 
in order to minimize heat absorbed from the sun 
by buildings during summer and to reduce heat 
loss during winter. Highly reflective white roofs 
are particularly efficient in areas that use air- 
conditioning heavily. 

With the expectation of higher energy prices, 
and with increased pressure to reduce CO,, the 
options for upgrading building efficiency are receiv- 
ing much more attention. Architects have demon- 
strated sharply higher interest in recent years in 
investigating and using designs that minimize heat 
loss and energy consumption, and many purchasers 
of buildings are now beginning to pay much more 
attention to features that reduce their annual elec- 
tricity, heating, and cooling expenses. 
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As discussed in Chapter 3, what is called 
“passive solar” design in new construction can 
make a dramatic difference in the amount of energy 
needed to heat in winter and cool in summer. Roof 
gardens can also insulate structures and lower the 
temperature of buildings during summer, while 
making them warmer in winter. 

On the inside of most residential buildings, 
further significant gains in energy efficiency are 
available with the upgrading of appliances and elec- 
tronic systems with more efficient, modern ver- 
sions. The Department of Energy’s Energy 
Star program gives useful information to con- 
sumers about which appliances can save the most 
money with lower energy consumption. Older 
hot water heaters can profitably be replaced—or 
wrapped with insulation to reduce wasted heat. 

In most latitudes, roof-mounted solar hot water 
heaters pay back their purchase price in a short 
period of time and produce further savings for as 
long as they’re used. 

Most television sets, DVD players, and other 
electronic devices in homes waste prodigious 
amounts of energy even when they are turned 
off. Indeed, so much energy is used by American 
television sets while they are in standby mode, it 
takes the full output ofa 1,000-megawatt coal-fired 
generating plant just to supply energy to television 
sets that are turned off. 

Virtually all products and systems can be 
made far more efficient with the use of modern 
computer-aided design and computer-aided 
manufacturing (CAD/CAM) approaches. New man- 
ufacturing technologies now make it possible to use 
new materials and new design approaches that in 
many cases result in revolutionary improvements 
to products and processes that have followed the 
same basic design for many generations. 

The opportunity for reducing global warming 


pollution in the transportation sector is enormous. 
The internal-combustion engine, for example, 

is only 20 percent efficient, while a switch to 
electric vehicles would instantly improve that per- 
centage to 75 percent—although overall efficiency 
gains depend upon the source of the electricity; 
coal-fired generating plants are, after all, only 

35 percent efficient. 

As we have long known, comfortable modern 
mass transit, such as light rail systems in urban 
areas, can sharply reduce both energy used and 
CO, produced in transportation. New engine 
technologies, hybrids, and plug-in electric vehicles 
produce huge energy and pollution savings in per- 
sonal vehicles. New lightweight materials offer the 
promise of much larger gains in vehicle efficiency. 
Mandated improvements in mileage efficiency have 
been responsible for most of the gains experienced 
thus far in the vehicle fleet. The new increased stan- 
dards adopted in the U.S. in 2008 will achieve even 
greater savings, although U.S. standards are still far 
below those in China, Europe, and Japan. 

Anumber of airline companies are actively 
investigating the use of alternative sources of fuel, 
though the lower energy content of many biofuels 
has convinced many analysts that this transition 
will be difficult. However, Boeing Aircraft is 
making progress in the development of much 
lighter and much stronger materials in the manu- 
facturing of airplanes that are already achieving 
gains in energy efficiency. 

The obstacles confronting increased efficiency 
include, most prominently, alack of awareness at 
the national, regional, local, and individual levels of 
how large the opportunities are. Since we are crea- 
tures of habit, the prevailing unfamiliarity with the 
new efficiency gains now possible is compounded 
by the natural inertia that prevents many from tak- 
ing the initiative to capture the energy savings— 
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even though they can save money in the process. 

Moreover, the lack of “systems thinking” 
has inhibited the introduction of efficiency 
improvements that come from the redesign and 
reengineering of large systems. And the lack of 
high-quality, easy-to-use information systems 
that identify the opportunities for efficiency 
improvements has contributed to the failures 
to adopt them. 

Ultimately, the redesign of larger systems— 
like cities—will make it possible to achieve much 
larger savings in efficiency. And while that may 
sound too visionary or unachievable, it is impor- 
tant to remember that in nations like China, India, 
Nigeria, and other fast-growing countries, new 
cities are being laid out for construction every 
year. Incorporating these new energy-efficiency 
design principles at the beginning can produce 
massive savings. 

Most of the solutions to the climate crisis 
will become much easier to adopt when the conse- 
quences of global warming pollution are reflected 
in the cost of the choices we make. But most 
energy-efficiency experts agree that factors other 
than price are also extremely important to address 
in order to seize opportunities for large gains from 
efficiency improvements. 

Because these opportunities are so varied 
and appear in so many different settings, there is 
not a single body of knowledge that is universally 
applicable to all of the steps that should be taken. 
Virtually the only common feature is that all of 
these steps end up saving money as well as reducing 
CO, pollution. Moreover, there is not a single 
service provider capable of eliminating the 
“hassle factor” that faces those who undertake 
efficiency improvements. 

Energy utilities would seem to be the 
obvious providers of a soup-to-nuts package of 


efficiency improvements, but the perverse incen- 
tives in the utility industry reward them for selling 
more energy and penalize them for reducing con- 
sumption by their customers. As noted earlier, 

the state of California and a few other jurisdictions 
have redesigned the incentives for utilities to allow 
them to share in the savings they make possible for 
their customers. This one change was responsible 
for asignificant amount of the energy-efficiency 
success story in California. The enormity of the 
efficiency opportunity is a powerful argument 

for a national program based on the experience of 
California and the few other states that have taken 
the lead in this area. However, the roller coaster 

of world oil prices, which is always mirrored in 

the prices for energy of all kinds, has weakened 
national stamina and frustrated the sustained 
effort necessary to introduce pervasive efficiency 
improvements throughout the national and global 
economy. Partly because the global warming con- 
sequences of fossil energy are not included in the 
price of electricity or oil, the illusory low prices 
have discouraged investments in efficiency. But 
the distorted price signal is only a small part of 

the reason for our failure to use efficiency gains, 
because they are almost always profitable, no 
matter the price of energy. 

What is most needed is the kind of vision, 
focus, and determination at the national leader- 
ship level that we have seen produce revolution- 
ary improvements in companies and in government 
policy when visionary leaders were in charge of 
driving efficiency improvements. 
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Frito-Lay CEO Al Carey and Governor Arnold Schwarzenegger tour Sun Chips’ solar plant in Modesto, California. 


Among businesses that have been most successful in 
adopting efficiency improvements, the primary rea- 
son for their success is that, in almost every instance, 
a determined and visionary leader has driven the orga- 
nization’s commitment to efficiency. And in too many 
other businesses, organizational failures and a lack of 
leadership have prevented the recognition and adop- 
tion of efficiency improvements. 

Frito-Lay, a division of PepsiCo, is led by its CEO, 

Al Carey, who has acheived remarkable savings in 
energy by focusing on how to reduce his company’s 
COz emissions. 

Under Carey’s leadership, Frito-Lay has looked at 
every component of its corporate operations to find 
new efficiencies and savings. The company recently 
installed the largest corporate solar- power system in 
Arizona, and last year it began using solar power to help 
make its Sun Chips in California. (In this system, solar- 
produced steam heats the oil in which the chips are 
cooked.) The company has also instituted a “zero land- 
fill” program in four of its plants in pursuit of the goal of 


reducing waste to less than 1 percent. 

The company has also made a number of changes 
that reduced its CO2 emissions by almost 50,000 tons 
from 2006 to 2007. Additional reductions of greenhouse 
gas emissions of another 14 percent have been identi- 
fied, and Frito-Lay has set a goal of achieving a 50 per- 
cent reduction in global warming pollution by 2017. 

Another strategy Frito-Lay is adopting to reach that 
goal is reusing shipping cartons. By reusing each car- 
ton an average of five to six times, the company has 
reduced its consumption of paperboard by 120,000 
tons per year. When the cartons finally wear out, they 
are recycled. 

Frito-Lay has also set a goal of making its fleet 
of trucks the most fuel efficient of any in the country, 
converting many to hybrid vehicles and training 
drivers to reduce fuel consumption. By changing the 
materials it uses and redesigning its processes, the 
company is making a huge difference and demonstrat- 
ing what is possible for others with a similarly sus- 
tained commitment. 
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For more than a hundred years, our way of thinking about electricity has been 
shaped by the dominance of large, centralized electricity-generating plants— 
coal-fired, hydroelectric, nuclear, and gas-fired—always connected to customers 
in real time by electricity transmission and distribution networks. When the 


present electrical system was first put in place, it was a marvel to the world. 
Indeed, the National Academy of Engineering described it as “the most signifi- 
cant engineering achievement of the 20th century” in the year 2000. 


However, growing problems and several significant new developments in 
technology have begun to shatter the usefulness of the old way of thinking. 
And it is now painfully clear that our present electrical grid has become outdated 


and inefficient. 


Utilities, regulatories, and federal and state 
legislators are trying hard to understand how they 
can best adapt to and take advantage of the new 
technologies and new patterns of generation, 
transmission, distribution, storage, and use of 
electricity. 

But there are numerous reasons to speed up 
the introduction of these modern advances in 
technology and construct new continent-wide 
unified smart grids—or super grids—in the United 
States and in other countries. Doing so will signifi- 
cantly reduce the huge and unnecessary emissions 
of global warming pollution caused by inefficien- 
cies and failures in the transmission, distribution, 
and storage of energy. 

The technologies necessary to build a super 
grid are all fully developed and available now. The 
only missing ingredient is political will. The first 
steps toward building a U.S. super grid were taken 
in early 2009 when President Obama formally pro- 
posed such a project and included the initial stage 
of funding in the economic stimulus bill. 


Just as the United States benefited from the 
national vision of an Interstate Highway System, 
and, later, the “Information Superhighway” that 
became the Internet, the development of a unified 
national smart grid would create millions of new 
jobs and sharply reduce its CO, emissions. 

Moreover, with a large enough vision and ade- 
quate planning, the U.S. and other nations could 
simultaneously lay high-capacity optic fibers for 
an expanded and much more efficient national 
broadband network in the same trenches dug for 
the high-voltage transmission lines making up the 
backbone of the new electricity grid. 

The National Energy Technology Laboratory 
(NETL) for the U.S. Department of Energy pro- 
posed a vision statement to guide the develop- 
ment of a modern U.S. grid, “to revolutionize the 
electric system by integrating 21st century tech- 
nology to achieve seamless generation, delivery, 
and end use that benefits the nation.” 

It is important to be clear about the four 
interconnected elements that make up a unified 


2YS Winnie SWIREIR GiRIB) 


national smart grid, or super grid: 

>» Much more efficient, higher-voltage long- 
distance transmission lines, connected to all 
generators of electricity, including the new inter- 
mittent sources, solar and wind. 

» “Smart” distribution networks connected 

by the Internet to smart meters at homes, substa- 
tions, transformers, and every other element of 
the transmission and distribution grid. 

>» Modern, dynamic, and efficient electric-energy 
storage units placed throughout the transmis- 
sion and distribution networks, with most storage 


as to what devices, appliances, lighting, and other 
electricity-using features they are willing to have 
turned off for several hours each day in order to 
meet the price target they themselves have set. 
The days of meter readers coming to the corner of 
your house will be over. 

The entire grid will be digital, instead of rely- 
ing on old electromechanical and analog features. 
It will be self-monitoring and, to a large extent, 
self-healing. The smart grid will eliminate many 
power outages, minimize others, and assist utilities 
by instantly informing them of the exact location 


The technologies necessary to build a 
super grid are all fully developed and 
available now. The only missing ingredient 


is political will. 


devices placed near or in the facilities owned by 
end users. Full interconnection of all transmission 
and distribution grids. 

> Distributed intelligence with robust, informa- 
tion-rich, two-way communication throughout 
the grid. 

A smart-grid distribution system will allow 
consumers to use time-of-day pricing to reduce 
their energy costs and could automate the pro- 
cess based on customer preferences. One of the 
key components of a smart grid, smart meters, 
will help consumers take control of their energy- 
use patterns. Electricity consumers will be able to 
determine in advance how much they want to pay 
for their power each month and then make choices 


where emergency repairs are needed. It will also 
provide utilities with far more accurate informa- 
tion with which to plan future investment and con- 
struction. Modernizing the grid can also make it far 
less vulnerable to what national security experts 
say is an increasing threat of digital terrorist acts 
aimed at intentionally blacking out large areas. 
Properly designed, a smart grid will be more 
reliable, more secure, more efficient, less costly to 
operate, and far less harmful to the environment. 
Older grids like the one in the United States are 
also vulnerable to outages that interrupt the elec- 
trical supply periodically for millions of people. As 
well, our system is plagued by “congestion” prob- 
lems; because of too little transmission capacity 


The estimated annual 
cost to society of the 
outdated U.S. grid is 
$206 billion per year. 


IN AUGUST 2003, THE LARGEST BLACKOUT IN 
NORTH AMERICAN HISTORY AFFECTED MORE 
THAN 50 MILLION PEOPLE, INCLUDING ALL OF 
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and too few “smart” features, it is ill-equipped to 
efficiently manage the flows of energy from mul- 
tiple generating sources that all stream through 
bottlenecks throughout the grid. 

A modern grid would fix these problems. In 
the United States alone, according to the Lawrence 
Berkeley National Laboratory, electric power 
outages and blackouts—lasting from seconds 
to days—cost the United States approximately 
$80 billion every year from businesses and indus- 
tries. Other estimates that include residential cus- 
tomers and “power quality events” that suddenly 
change the voltage supplied to business users of 
sensitive electrical equipment put the value of 
annual losses at even higher levels. In the United 
States, some manufacturers in businesses par- 
ticularly sensitive to fluctuations in voltage and 
even very brief power outages have deferred con- 
struction of new facilities in locations where the 
electricity supply has poor quality. 

In 2007 NETL estimated that the annual cost 
to society of the outdated U.S. grid is $206 bil- 
lion per year. A more reliable, efficient, and smart 
electrical network will foster improved compet- 
itiveness and greater job creation. The Galvin 
Electricity Initiative, which studied the impact of 
the outmoded power system on productivity and 
competitiveness, concluded, “At least a trillion dol- 
lars in gross domestic product is already being lost 
each year as a result, and that cost is growing rap- 
idly as the digital economy expands.” 

Modern, highly efficient long-distance trans- 
mission lines must be put in place in order to 
unleash the potential of these CO,-free sources of 
energy. Transmission lines that use a much higher 
voltage than is common in today’s grid can trans- 
mit large amounts of electricity over long dis- 
tances with extremely low losses. As noted in 
Chapter 12, the low voltage used by Thomas Edison 


to transmit direct current sharply limited the dis- 
tance over which he could transmit electricity to 
roughly half a mile. The success of alternating cur- 
rent, invented by Nikola Tesla in the late 1880s, 
was based primarily on its much lower losses when 
transmitted many miles. 

Today, however, both DC and AC electric- 
ity can be transmitted over modern lines with 
very low losses. High-voltage DC current (HVDC) 
is actually somewhat more efficient than HVAG 
as a long-distance transmission technology, but 
that advantage disappears if converter stations 
are placed along the line to draw electricity sup- 
plies for use along the route of the line. That is the 
principal reason why approximately 98 percent of 
transmission worldwide is now high-voltage AC. 

HVDC lines are probably the best choice for 
the transmission of electricity from remote solar 
and wind locations—whether from the southwest- 
ern desert of the United States, from Mongolia to 
Eastern China, the desert in northwestern India to 
Delhi, or elsewhere. One advantage of HVDC lines 
is the ease with which they can be cost-efficiently 
buried instead of placed on overhead transmission 
towers, thus avoiding much of the public opposi- 
tion to new transmission lines. They may also be 
used for intercontinental links like the ones pro- 
posed between North Africa and Europe. 

Transmission systems at even higher and more 
efficient voltage levels already exist elsewhere 
in the world and more are planned in North and 
South America, South Africa, Scandinavia, Western 
Europe, and Asia. China, which has announced 
its intention to interconnect its three regional 
electricity networks in north, central, and south 
China by next year, is hard at work building an 
800-kilovolt national super grid that it says will be 
the most advanced in the world by 2020. 

In Europe, many policy makers are now moving 


THE EUROPEAN AND NORTH AFRICAN SUPER GRID 

A new, large-scale electric grid has been proposed for Europe and North Africa, which would—once built—supply power 
to the European Union, the Middle East, and North Africa. The DESERTEC Concept is designed to collect clean, renewable 
energy in Saharan North Africa and the Middle East for transmission throughout the area connected by the super grid. 


The plan predicts that by 2050, 100 gigawatts of electricity will be generated within the system. 
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forward with the development ofa super grid link- 
ing Europe with North Africa and the Middle East— 
where the potential for solar and wind electricity 
generation is virtually limitless. Similar ideas 

are being discussed in South America, Asia, and 
Australia—all of which have areas with great sun 
and wind potential far from their cities. 

The present U.S. grid is older and less effi- 
cient than newer grids that exploit the most mod- 
ern transmission technologies and equipment. For 
example, the average age of a substation trans- 
former is 42 years—older than its projected useful 
life. The highest voltage used in the United States 


grid modernization will exceed the costs by four 
to one. Energy experts estimate that a U.S. grid 
similar to the one now being built in China would 
reduce peak-load losses by more than 10 gigawatts 
(enough to power over 2.5 million homes) and 
reduce CO, emissions by millions of metric tons 
each year. 

There are actually two important reasons 
why the electricity transmission and distribution 
grid must be upgraded in order to use far larger 
amounts of renewable electricity. Not only 
are the renewable sources generally found in 
remote locations that require new high-voltage 


“The benefits to society from grid 


modernization will exceed the costs 


by four to one.” 


ERECTRIG POWER RESEARCH INSTITUTE 


today is 765 kilovolts, although there are few such 
lines. Even when it is operating properly, the U.S. 
grid loses more electricity during transmission 
than modern state-of-the-art electrical grids. 

Building a modern super grid will allow the 
deferral or elimination of tens of billions of dol- 
lars for new centralized generating plants, trans- 
mission lines, substations, and other distribution 
assets. The combination of money saved from the 
avoidance of outages and expensive additions to 
the old patchwork system will more than pay for 
the cost of a modern grid. 

According to a study by the Electric Power 
Research Institute, the benefits to society from 


transmission lines but the grid must also be 
equipped with smart features linked by the 
Internet to widely distributed dynamic electric 
energy storage devices in order to accommodate 
the intermittent nature of the electricity gener- 
ated by solar and wind. 

Indeed, the growing interest in using carbon- 
free sources of electricity is one of the principal 
drivers of the burgeoning interest in energy stor- 
age by utilities that need a way to smooth out or 
“firm” the electricity streams produced intermit- 
tently by solar and wind generators. Both solar and 
wind, as noted in Chapters 3 and 4, have an enor- 
mous potential for supplying virtually all of the 
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electricity the United States consumes—and a very 
high percentage of that in most other countries. 
Currently, wind and solar electricity represent 
relatively small percentages of the total amount of 
electricity flowing through the grid, and therefore 
utilities can manage the consequences of intermit- 
tency without harming the reliability of the grid. 
However, the flow of electricity is uneven 
because passing clouds and the setting of the sun 
interrupt the flow of solar electricity, and varia- 
tions in wind speed, and periods of no wind, inter- 
rupt the flow of wind electricity. As the percentage 
of electricity from these sources increases, inter- 
mittency becomes a more serious challenge. 


SOLVING WIND’S INTERMITTENCY 

With their very fast response times, new batteries, such as 
NAS cells, add precise amounts of electricity to a transmis- 
sion source when input from a generating source declines. 
The combination produces a steady electric current. 
OEE 
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Already, the Bonneville Power Administration 
(BPA) in the Pacific Northwest is struggling to inte- 
grate more than 2,000 megawatts of intermittent 
wind electricity (enough for two Seattles) with all 
of the other electricity it receives from its 31 hydro- 
electric dams and one nuclear plant. After grow- 
ing over the past 10 years from 25 megawatts to its 
current level, the amount of wind electricity in the 
BPA’s 10,500-megawatt peak-load balancing system 
is expected to triple within the next three years. 

Several of the new batteries providing electric 
energy storage are capable of providing large surges 
of electricity in as little as two milliseconds for 
meaningful durations of time. These systems can 
be linked to the transmission and distribution grids 
receiving intermittent supplies of electricity from 
wind and solar generators in ways that automati- 
cally trigger releases of electricity whenever the 
flow from the generators fluctuates. These contin- 
ual, episodic surges, when combined with intermit- 
tent streams of electricity in a mirroring pattern, 
can produce an even, continuous flow of electricity 
with high reliability and consistent and predictable 
voltages. (See “Solving Wind’s Intermittency,” at 
left.) By contrast, even the fastest gas turbine 
generator requires at least 15 seconds to ramp up 
its power output to the four-megawatt level— 

a response time that is way too slow to firm the 
intermittent flows from solar and wind. 

There are actually a lot of gas-fired (and some 
coal-fired) generators that are held in reserve by 
utilities to meet longer and more predictable peri- 
ods when they must meet a surge in electricity 
demand. In most countries, including the United 
States, the difference between the amount of elec- 
tricity used during the hours of peak demand and 
the amount of electricity used, on average, dur- 
ing the rest of the day has been growing—largely 
because of increased use of air-conditioning, 
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lighting, and larger television sets when people 
come home from work and before they turn in for 
the night. Moreover, the highest peaks occur on 
the hottest summer days, for only a small number 
of hours in each year. 

These brief periods of peak demand are now 
usually met by revving up gas-fired (and a few coal- 
fired) generating units that are held in reserve for 
this purpose. However, when fossil fuel generators 
are kept running—even at a low level of output, 
in a “spinning reserve” mode, they are producing 
CO, all the while. 

One analyst compared the inefficiency of this 
technique to the amount of gasoline someone 
wastes by constantly stepping on the gas for full 
acceleration and then stepping on the brake to idle 
the motor again. Anyone who drives a car like that 
is getting the worst fuel economy possible, but 
that’s essentially how many electric utilities must 
operate their fossil fuel reserve plants, given the 
existing load patterns and the technologies and 
assets they have. 

As a result, the power produced by these plants 
is the dirtiest and most inefficient power in the 
system. Replacing it with storage would therefore 
bring multiple benefits. Chris Shelton, the vice 
chairman of the Electricity Storage Association, 
refers to the combination of efficient storage with 
fossil fuel power plants as “hybridizing the grid.” 

One study of the CO, reductions that could be 
achieved by substituting efficient energy storage 
for standby spinning-reserve coal-fired genera- 
tors operating during peak usage periods could 
eliminate between 76 and 85 percent of the CO, 
emitted by those generators. 

Moreover, while energy use is growing at a 
rate of 1.5 to 2 percent annually, peak load demand 
is growing at a rate of S to 7 percent annually. In 
the United States 50 years ago, the average use of 


electricity was approximately 67 percent of the 
peak usage of electricity. Today, it is approximately 
50 percent of the peak. The Department of Energy 
reports that on a nationwide basis, “Ten percent of 
all generation assets and 25 percent of distribution 
infrastructure are required less than 400 hours per 
year, roughly 5 percent of the time.” 

The growing disparity between average elec- 
tricity use on the one hand and peak use for a 
three- to four-hour period each weekday evening, 
when almost twice as much electricity is needed 
in many developed countries, has driven new 
attention by utilities to the competitive benefits of 
storing electricity for use during peak load periods 


ELECTRICITY DEMAND IS VARIABLE 

In the course of a year, electricity usage varies consid- 
erably from month to month and even hour to hour. 
Summertime power loads are the highest because of air- 
conditioning. This chart shows demand in 2006 at PG&E, 
a California utility. Usage peaked on July 25 at 5 p.m. 


during a heat wave. 
21 
19 
Wi 
15 
13 


11 


ELECTRICITY DEMAND (in gigawatts) 


ee Ce 

em to SS ee Se eS 

3 ({ = = = > 2 & O OD 2 e 
2006 


SOURCE: Pacific Gas & Electric 


NEARLY ALL Fe WORLD'S CURR 
FOR STORING ELECTRICAL ENERGY 0 
FROM PUMPED HYDRO. THESE LARG 

WATER AT VATTENFALL’S HYDROELE 
IN WENDEFURTH, GERMANY. 


in order to defer or avoid costly investments in 
new generating capacity. 

Unfortunately, electricity is difficult to store 
in large amounts. It constantly wants to be in 
motion. “Lightning in a bottle” is a metaphor 
based on the extreme difficulty of holding electric- 


ity in place until you are ready to unleash it again. 
The overwhelmingly dominant energy stor- 
age technology used by utilities in the world today 
doesn’t store energy itself, but the potential to 
create it. First introduced in America in 1929, the 
“pumped hydro” system is based on pumping water 
up to a reservoir on top of a mountain during the 
night, when there is excess generating capacity. 


| Then, when the peak demand hours begin, the 


| water is allowed to fall back down through hydro- 


electric turbines that generate electricity during 
the hours when it is most needed—recovering 
between 70 and 80 percent of the electricity used 
to pump the water up the mountain the night 
before. More than 150 pumped-hydro sites are now 
operating in the United States and worldwide; 
this mature technology now provides more than 
99 percent of the world’s total storage capacity for 
electrical energy. 

Many additional pumped-hydro projects are 


| now in the planning stages around the world. 


However, the future of this resource is lim- 

ited for many of the same reasons that hydro- 
electric dams—which accounted for 40 percent 
of American electricity production in the early 
1900s—will not play a significantly larger role 
in the future: Most of the best sites have already 


| been developed; permits for such large energy 


installations are difficult to get approved. And of 
course, this option is not available in areas without 


, mountains and/or adequate sources of water. 


The second largest electrical energy storage 
technology is called compressed-air energy storage 


(CAES), which involves compressing air with a 

gas-fired generator and storing it in a geologi- 

cally appropriate underground cavern, like a salt 

dome, then recapturing the energy when the air 

is released and expands, reproducing most of the 

energy used to compress it, when it is needed dur- 

ing peak usage hours. Although this option is 

almost as efficient as pumped hydro, its reliance on 
gas-fired generators makes it less attractive when # 
its overall energy efficiency and CO, emissions are 
taken into account. Moreover, its use is limited 

by the availability of underground caverns with Ei 
all the needed characteristics. New work is now ‘ 2 
under way to develop CAES systems that store the 


compressed gas in large pools of water and above- % ae 
ground containers. There are only two large-scale e 
compressed-air systems utilizing underground cav- Fe . 
erns, one in Alabama and one in Germany, both ee x 
using salt domes. cf 
The older methods of storing electric energy— 
pumped hydro and compressed air—have charac- F at 
teristics similar to the old centralized generating <3 
Aces 


facilities: they handle large amounts of electricity 
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generation quite well, but they are neither nimble 
nor smart; the electricity flowing from them can- e 


not be easily and instantly turned on and off. ress 
Other forms of energy are much easier to = 
72 


store. Coal and oil, for example, have been our 
energy sources of choice, not only because of their 
high energy density but also because they effi- 
ciently store energy with no losses for millions of 
years. It is worth noting, however, that when U.S. 
oil production peaked around 1970 and the Middle 
East oil embargo occurred a few years later, the 
United States found it necessary to establish a very 
large Strategic Petroleum Reserve, in order to store 
enough oil to supply the economy’s needs during a 
future interruption of supply. 

Biomass resources burned to produce electricity _ 
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can rot if they are improperly stored, but newly 
applied techniques like torrefaction can extend 
their storage lifetimes considerably. Concentrating 
solar thermal (CST) plants produce large amounts 
of heat from the sun to boil water in order to fire a 
steam electric generator. Some of that heat can be 
stored in tanks of synthetic oil or molten salt and 
then the heat can be withdrawn when clouds pass 
over the solar collectors to continue running the 
generators for a few hours at a time. These thermal 
storage tanks can also be used to continue produc- 
ing solar electricity after the sun goes down—for 
at least a few hours. 

Mechanical flywheels, which store energy 
kinetically in the motion of a massive rotating 
cylinder, are also used for electrical energy stor- 
age in some applications, but the size and expense 


of these units has limited their attractiveness for 
storing large amounts of energy. 

Some experts believe that the application of 
nanotechnology to solid-state electrical energy 
storage devices will lead to a development path- 
way that takes advantage of the well-known 
rapid improvements in solid-state chips, which 
are reducing costs by 50 percent every 18 to 
24 months. Others believe that revolutionary 
developments in magnetic storage of electricity 
are now visible on the horizon. However, for 
now, efficient and competitive storage of electric 
energy remains a difficult challenge. 

Indeed, for many years, there was a widely 
shared belief that electricity was so difficult to 
store in large amounts that storage would never 
play a big role in the interaction between electric 
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utilities and their customers. In recent years, 
however, that myth has been shattered. 

Most of the new excitement in the field of 
energy storage is now focused on developments 
in batteries of various designs. The competition 
to develop more efficient batteries is now raging 
in multiple countries, with many entrepreneurs 
and established companies throwing millions of 
dollars at the task. Scores of new battery compa- 
nies are now feverishly developing and demon- 
strating innovative ways to store larger amounts of 
electric energy in smaller containers at less cost. 
Government R&D funding in numerous countries 
has been focused on this challenge, and venture 
capitalists and other investors are competing fero- 
ciously to come up with cost-effective solutions. 
Many innovative breakthroughs are reported reg- 
ularly, and it is at present impossible to predict 
which new designs—or dramatically improved old 
designs—will emerge as winners. 

Lead acid batteries—invented in 1859—are 
still the most commonly used rechargeable batter- 
ies. They are not considered practical for higher- 
volume grid-storage systems because of their short 
lifetimes and high maintenance costs—though 
some entrepreneurs have recently improved this 
old technology in ways that may make it a con- 
tender for many new applications. 

However, the growing need for electricity 
storage has driven the investment of large 
amounts into the research and development 
of brand-new designs for much larger and ever 
more efficient batteries that are now capturing a 
lot of attention. 

A Japanese ceramics company, NGK, now sells 
a room-size sodium-sulfur battery that has high 
energy and power density and relatively high 
efficiency. Originally developed by Ford Motor 
Company for an early attempt to build electric 


cars, this design was adapted for use in the elec- 
tric utility market in the 1990s by NGK and the 
Tokyo Electric Power Company, which has already 
deployed them at almost 100 locations throughout 
its grid and at more than 200 locations around 

the world, including nine megawatts of capacity 
currently operating in three U.S. utilities. 

Even though each of these batteries is expen- 
sive ($2,500 per kilowatt), the cost of the electric- 
ity they provide during peak usage is far cheaper 
than the peak electricity from new generating 
capacity used only a few hours each day. Because it 
can provide one megawatt of power for six hours— 
and can be clustered in groups that provide signifi- 
cant amounts of energy on short notice—the NGK 
battery is now regarded by many as the most effec- 
tive design available at a large scale. 

Its size and expense make it appropriate for 
some settings but not for others. And in addition 
to its size and expense, it suffers from one other 
disadvantage: only one company in the world 
makes it, and that company has only a limited 
number available each year. Utilities in Abu Dhabi 
and France have already purchased the company’s 
entire output for the next four years. 

Nevertheless, at present, this sodium-sulfur 
battery beats all competitors in the large-scale util- 
ity energy storage marketplace, though General 
Electric is now preparing to introduce a technology 
it first developed for hybrid locomotive engines, 
based on a sodium-metal-halide design, that it says 
will have performance capabilities comparable to 
those of the NGK battery. 

Part of the challenge in evaluating which form 
of energy storage is the most efficient and is best 
to use in the generation, transmission, or distribu- 
tion part of the electricity industry is predicting 
future developments that are likely to bring sharp 
cost reductions and efficiency improvements. 
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One of the reasons why several market leaders are 
betting on lithium-ion batteries stacked together 
for storage options of up to tens of megawatts is the 
fact that, all over the world, there is a growing 
competition to provide more efficient lithium-ion 
batteries for plug-in hybrid electric vehicles. 

The safety and environmental requirements 
for automobile batteries also give utility planners 
increased comfort that successive generations of 
these batteries will be not only progressively 
more cost-effective but also safe, environmentally 
responsible, and widely accepted by customers. 
These factors have influenced a number of storage 
specialists in the energy and utility industries to 
piggyback on the cost-reduction curve they 
see emerging in batteries for electric cars; many 
are working to essentially stack these car batteries 
and use them as a coordinated fleet of batteries to 
meet many of the industries’ storage needs. 

This fast-growing global competition to replace 
heavily polluting and grossly inefficient internal- 
combustion vehicles has driven an enormous 
amount of research-and-development funding 
toward the rapid improvement of batteries power- 
ful enough (and safe enough and small enough) to 
power automobiles and light trucks with the same 
speed and performance that drivers are used to. 

Indeed, the impending widespread introduc- 
tion of plug-in hybrid electric vehicles and, soon 
thereafter, all electric vehicles, will dramatically 
change the ability to store vast amounts of electri- 
cal energy during off-peak hours for use during the 
one sixth of each day when electricity usage is so 
much higher than the daily average. 

Since the average vehicle is used for transpor- 
tation only 4 percent of the time, the new plug-in 
electric hybrids and all electric vehicles will argu- 
ably have a bigger impact on energy storage than 
on transportation. Since each one stores only small 


amounts of electricity and remains available for 
transportation at all times, these batteries are not 
useful for baseload power, but they have enormous 
potential value for peak management. 

As the global market for all-electric vehicles 
begins to expand, the growing demand for lithium- 
ion batteries will further drive economies of 
scale for the enormous automobile marketplace. 
Already, the demand for lithium-ion batteries is 
increasing rapidly, because of their high energy 
and power density, high efficiency, and ongoing 
and projected cost reductions. 

The first mass-market electric hybrid, 
Toyota’s Prius, still employs a nickel-metal 
hydride battery. However, both the Chevrolet 
Volt plug-in hybrid and the new all-electric Prius 
expected to be sold to fleet owners in 2010 are 
based on a lithium-ion design. The Great Wall 
Motor Company, in China, is one of a few Chinese 
automobile manufacturers planning to introduce 
electric vehicles with lithium-ion batteries next 
year. Nissan Motor Company announced in 2009 
that it will sell all-electric vehicles with lithium- 
ion batteries in 2010 and will manufacture the 
Leaf for the U.S. market in its Smyrna, Tennessee, 
plant. And the Tesla, an American all-electric 
vehicle already on the market, uses several 
thousand lithium-ion cells stacked together in 
the back of the car. 

In China, Japan, the United States, and the 
European Union, the race is on for market share in 
the anticipated mass conversion of the automobile 
fleet to electric vehicles. The dramatic advantages 
in efficiency from electric motors compared 
with the internal-combustion engine have com- 
bined with the growth in carbon-free renewable 
electricity sources and the societal advantages 
provided by cheap and efficient electricity stor- 
age in PHEVs, which can discharge electricity to 


the grid during peak generating hours, to produce 
a surge in research-and-development spending to 
develop cheaper and better PHEV batteries. 

The AES Corporation is installing a 12 mega- 
watt system in northern Chile by stacking 
together lithium-ion batteries made for hybrid 
buses. Ironically, these lithium batteries are being 
deployed in an electrical system that provides 
power to the lithium mining operations in Chile. 
(Chile is the second largest source of lithium after 
neighboring Bolivia.) 

One of the traditional strategies employed by 
electric utilities to cut power demand during peri- 
ods of peak usage has been to negotiate electric- 
ity supply contracts with large users that require 
them to shut off power for a few hours at a time 
when peak usage strains the generating capacity of 
the system. This is sometimes referred to as “shed- 
ding load.” For that reason, the lithium mining 


THE ELECTRIC TESLA ROADSTER HAS A RANGE OF 


MORE THAN 200 MILES. ELECTRIC CAR BATTERIES 
CAN SERVE AS WIDELY DISPERSED STORAGE 
SYSTEMS FOR ELECTRICITY—ENHANCING THE 
PERFORMANCE OF A SUPER GRID. 


operations in Chile have, in the past, been forced 
to shut down frequently during peaks. One of the 
improvements in efficiency that will be provided 
by the new lithium-ion battery stacks will be to 
allow the lithium mining operations to avoid shut- 
ting down during peak usage periods. 

American Electric Power (AEP) is using lithium- 
ion batteries in a storage system called Community 
Energy Storage (CES), which pushes electricity 
storage out into the distribution grid with small 
boxes of multiple lithium-ion batteries operating in 
tandem immediately adjacent to the transformer 
boxes that typically serve every four to five houses 
in a neighborhood (with hundreds of transformer 
boxes connected to each utility substation). All of 
these small storage units would be operated as a 
fleet, with the electronic brains located in each sub- 
station. The advantages include fewer power out- 
ages, greater system reliability, and the installation 
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of a storage infrastructure that could accommodate 
the shift to plug-in electric vehicles. 

Ali Nourai, whose day job is with AEP, is also 
chairman of the Electricity Storage Association 
and an enthusiastic supporter of moving energy 
storage “toward the customer,” where the selling 
of storage services could be a new revenue 
source for utilities adapting to a modern distrib- 
uted energy marketplace for electricity and 
provide very high service reliability levels. He 
advocates open standards and robust competition 
and envisions energy storage eventually becoming 
a commodity for sale throughout the world’s elec- 
tricity distribution infrastructure. Eventually, he 
believes, “utilities will sell the service of storage.” 

While competition in the market for whole- 
sale electricity takes place throughout the United 
States, only some of the states allowing retail 
competition have fully separated the markets for 
electricity generation from the transmission and 
distribution functions. In some of those areas, util- 
ities are now attempting to persuade their regu- 
lators that energy storage ought to be operated in 
support of the transmission and distribution grid. 
But rules established to protect competitive gener- 
ation make it more difficult to justify direct utility 
ownership of energy storage. Additionally, allowing 
regulated utilities to own or control access to and 
rules for distributed energy storage could run the 
risk of stifling competition in energy storage just at 
the time when many entrepreneurs are coming up 
with exciting ideas for much lower-cost, more 
efficient energy storage options. 

The ability on the part of customers to own 
and operate their own devices for both generat- 
ing and storing electricity is now clearly growing 
at a rate that will soon undermine the monopoly 
model and begin to shift the grid toward a “widely 
distributed” model often labeled “micro-power.” 


The combination of more efficient storage and 
smarter distribution grids will clearly accelerate 
the expansion of small-scale generating capacity 
throughout the grid, with everything from photo- 
voltaic panels on the roofs of homes to small wind- 
mills in areas where they are profitable. 

In the United States, one of the policy ques- 
tions raised by micro-power is whether, and on 
what terms, households and small businesses can 
sell some of the electricity they generate—and 
energy that they store during off-peak hours— 
back into the grid. Most utilities have fought hard 
against liberal provisions for “net metering” that 
would encourage and accelerate the spread of 
widely distributed micro-power. 

The utilities’ argument is that, in many cases, 
the rate they would have to pay for electricity gen- 
erated by their customers is not fair to the utilities. 
They fear being stuck with all of the fixed costs of 
their transmission and distribution infrastructure 
and centralized generating plants and yet be pro- 
gressively deprived of the revenue from electricity 
sales that they need to pay for it and remain prof- 
itable. The idea of not only losing electricity sales 
but also competing with new electricity generat- 
ing sources spread throughout their service area 
has created a sense of foreboding in parts of the 
industry—and has led some utilities to work over- 
time to convince state regulatory commissions and 
state and federal legislators to put up roadblocks 
intended to slow down the spread of micro-power. 

Although rooftop photovoltaic cells still play 
only aminor role, in many areas the number of 
installations is doubling every year. American 
Electric Power reports that renewable sources of 
electricity generation owned and operated by 
their customers have grown “by a factor of 1,000 
ina decade.” California, New Jersey, and Arizona 
have been leaders in encouraging and financing 
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distributed PV electricity. Andin Germany, one of 
the world’s leaders in solar energy, rooftop solar 
units accounted for 90 percent of the solar energy 
produced in 2008. 

With projected cost reductions and efficiency 
gains, it is now clear that we are not far from the 
day when a large percentage of electricity will be 
generated on-site. Some analysts have predicted 
that up to half of all households in the U.S. will be 
generating at least some of their own electricity 
from renewable sources within 10 years. 

If that prediction turns out to be true, it is 


Internet. The super grid—which some refer to 
as “the Electranet”—will create the kinds of 
markets for electricity generation, distribution, 
and storage that the Internet created for small 
devices that process, transmit, and store infor- 
mation. In fact, the economic benefits of widely 
distributed generation and storage will, within a 
decade, completely transform the nature of the 
electricity marketplace. 

In developing countries, where electricity 
grids are still uncommon, small rooftop photo- 
voltaic systems are proliferating rapidly in many 


The super grid will create the kinds of 


markets for electricity generation, 
distribution, and storage that the Internet 
created for small devices that process, 
transmit, and store information. 


difficult to imagine the competitive dynamism 
and economic growth that will be unleashed by 
the competition to supply distributed energy sys- 
tems to tens of millions of American homes and 
households throughout the world. The only anal- 
ogy that comes close is the surge in economic 
growth and productivity that was unleashed when 
the Internet led to the development and sale of 
hundreds of millions of laptop computers, smart 
phones, and other new electronic devices now 
widely distributed globally and connected to the 


areas—leapfrogging the older electricity archi- 
tecture of the developed world just as cellular 
telephones found huge markets in developing 
nations with very few fixed-line telephone grids. 
Harish Hande, a photovoltaic entrepreneur in 
India, described his experience in learning from a 
housewife in Mumbai who told him, “Three hun- 
dred rupees a month is impossible, but 10 rupees 
a day I can afford.” (Ten rupees is equal to approxi- 
mately 25 cents in the United States—not bad for 
a day’s worth of electricity.) 
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HOW A SUPER GRID WILL WORK 


A unified national super grid will use microprocessors and sensors to distribute information and constantly balance sup- 
ply and demand throughout the system. The super grid is made up of many different technologies, including improved 
transmission lines, large- and small-scale batteries that smooth out intermittent power sources like wind and solar, micro- 
power installations such as rooftop solar panels, and smart meters and appliances that can adjust power usage depending 
on supply and pricing. Throughout the super grid, computers and the Internet facilitate feedback between components and 


end users, allowing for conservation, much higher efficiency, and sales of excess electricity by customers. 
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The National Renewable Energy Laboratory 
describes the new architecture of distributed 
energy as, “a variety of small, modular power- 
generating technologies that can be combined 
with energy management and storage systems 
and used to improve the operation of the electric- 
ity delivery system, whether or not those technol- 
ogies are connected to an electricity grid.” These 
energy generation and storage systems are “placed 
at or near the point of use” and include “fuel cells, 
microturbines, reciprocating engines, load reduc- 
tion, and other energy management technologies. 
Combined heat and power systems provide elec- 
tricity, hot water, heat for industrial processes, 
space heating and cooling, refrigeration, and 
humidity control to improve indoor air quality 
and comfort.” 

For example, there are two options for thermal 
storage located in the buildings owned by users of 
electricity. One of the elements common in “pas- 
sive solar” designs is the strategic placement of 
masonry or some other heat-absorbing mass where 
it will absorb heat from the sun during the day 
and then give it back to the interior of the home 
at night. Overhangs above the sun-facing windows 
can be designed to block the sun’s rays during sum- 
mer when they are arriving at a higher angle, and 
admit the sunlight during winter when the sun is 
lower in the sky and shines beneath the overhang. 

In commercial buildings, there has recently 
been a surge of interest in a form of highly effi- 
cient thermal storage that sharply reduces cooling 
costs for large buildings. By making large quanti- 
ties of ice at night when electricity costs are low- 
est, the owner or manager of the building can 
reduce air-conditioning costs the following day 
by using the cooling power of the ice collected 
the night before. Even though this technology is 
highly cost-effective and is commercially available, 


its usefulness has been limited by the well-known 
mismatch between the incentives of those who 
construct buildings and those who pay the operat- 
ing costs. Moreover, if the customer pays a flat rate 
for electricity that obscures the cost differential 
between peak electricity and off-peak electricity, 
there is no incentive for end users to take advan- 
tage of the enormous benefits that energy storage 
technologies can provide. 

The increased prominence of energy efficiency 
in the real-estate market has caused a renewed 
focus on these options. However, it is all too com- 
mon for lessors of buildings to pass through utility 
costs, and force of habit has slowed recognition of 
these new savings opportunities. When the own- 
ers and operators of large buildings pay attention 
to the design and construction process, they can 
insist upon inclusion of energy saving and energy 
storage technologies in order to sharply reduce the 
daily and annual operating costs of the building. For 
example, the new highly efficient Bank of America 
Tower in New York City makes more than halfa 
million pounds of ice every night, which enables 
the shifting of 1,000 tons of air-conditioning to 
off-peak hours. The developer of the system, Mark 
MacCracken, says that his company’s experience 
proves that it is “dramatically less expensive to 
store the cooling than the electron to make it.” 

Inaddition, the economic incentives that shape 
the behavior of electric utilities distort any effort 
by utilities to rationally and objectively compare 
the cost of storage and the cost of new generating 
capacity. They get reimbursed for the latter, which 
profits based ona percentage of their cost. They 
don’t get reimbursed for the former in the same 
way and therefore have invested almost nothing in 
storage or R&D into better storage. If the utility is 
uncertain that its regulator will approve the recov- 
ery of investments in storage, and if the regulator 
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is confused about how to classify the storage asset, 
the result is that nothing happens. Some regulators, 
however—in Connecticut and New Hampshire, for 
example—have successfully persuaded legislators 
to allow inclusion of energy storage devices in their 
rate bases. 

In many jurisdictions, there are large economic 
implications that flow from the classification of elec- 
trical energy storage in one or the other of these cat- 
egories. Depending on the decision, the utility may 
or may not be allowed to recover its investments in 
storage as part of the “recoverable costs” that are 
allowed to be added to the rates paid by customers, 
with profits added to compensate for the risk taking. 


of using storage enhance the efficiency of three 
different parts of the electricity system: genera- 
tion, transmission, and distribution—all at once. 
In Texas, sales of the NGK battery were blocked 
because of disputes over who should “take owner- 
ship of the energy while it is stored in the battery.” 
In California, the company was told that in 
order to sell its battery, it had to meet “the chal- 
lenge of establishing the precedent for Battery 
Energy Storage Systems as a Transmission Asset 
recoverable in the Transmission Access Charge.” 
The state of California, in turn, was following a rul- 
ing by the Federal Energy Regulatory Commission 
requiring the rigid separation of assets in the 


It is past time for a complete revision 


of the national rules and regulations that 


have guided the electricity industry for 


more than a century. 


In some jurisdictions, utilities primarily 
engaged in the business of generating electricity 
can be prohibited from owning storage assets if 
they are classified as part of the transmission and 
distribution network. Conversely, in other juris- 
dictions, state laws say that anyone other than the 
power-generating utility may be prohibited from 
owning storage assets if the benefits they add are 
seen as part of the generating function. 

For example, some U.S. utilities have been 
temporarily blocked by regulators from deploy- 
ing sodium-sulfur batteries because the benefits 


generation part of the system from assets in the 
transmission part of the system. 

Understandably, the California investor-owned 
utility attempting to use this efficient storage sys- 
tem concluded that the regulators were placing at 
risk the ability of the utility to recover the costs of 
the energy storage assets. 

For these and other reasons, it is past time 
for a complete revision of the national rules 
and regulations that have guided the electricity 
industry for more than a century. The national and 
state legal and regulatory frameworks surrounding 
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electricity generation, storage, transmission, 
and distribution are even more antiquated than 
the equipment. 

Too often, current regulations and prevailing 
assumptions dissuade utilities and electricity 
customers from investing in energy storage and 
efficiency. It is time to develop a set of new ideas, 
statutes, and rules that recognize, value, and facil- 
itate the interplay between generation, storage, 
transmission, distribution, and customer-owned 
assets—to produce a more efficient, functional, 
and environmentally acceptable electric system. 

The parallel development of the electric util- 
ity industry over the past 120 years and the devel- 
opment of regulations governing every aspect of 
the investments, expenditures, and profits of the 
industry have both been driven by a way of think- 
ing about electricity generation and use that is 
now hopelessly outdated. The common assump- 
tion built into this obsolete model is that there is 
always a real-time connection between the elec- 
tricity that is being generated and the electricity 
that is being used. Moreover, because most utility 
regulation is the responsibility of states, regulators 
have not had an incentive to focus on benefits that 
extend beyond the borders of the small area that 
occupies their attention. 

More than 10 years ago, there was wide- 
spread recognition in the United States that 
electric utilities should no longer be allowed to 
continue as vertically integrated monopolies 
controlling generation, transmission, distribu- 
tion, and storage. The electricity industry has 
been partially deregulated nationwide in order 
to create a competitive market for the genera- 
tion of electricity. But most states and most other 
countries do not yet allow competition in the 
full range of services that are needed to generate, 
transmit, store, distribute, and sell electricity 


in the most efficient manner possible. 

The Federal Energy Regulatory Commission 
has begun to approve cost allocation formulas 
that spread the cost of new transmission capacity. 
However, in many jurisdictions, regulators still use 
“license plate pricing” to charge the full costs of 
transmission assets built within state boundaries 
to rate base that determines the cost of electricity 
to the citizens of the state where it is located. 

In the words of energy expert Bruce Radford, 
“If youre building transmission from North 
Dakota to bring energy to Chicago, it means the 
price of all the transmission infrastructure in 
North Dakota gets passed under license plate pric- 
ing to North Dakotans.” Alison Silverstein, former 
senior energy policy adviser at the Federal Energy 
Regulatory Commission, says, “If we are still going 
to have a utility system that is going to be reim- 
bursed by ‘cost plus a return, then you are not 
incentivizing anybody to save money.” 

There are several ways that regulators could 
align utility incentives with the public interest 
goal of building a unified national smart grid, or 
super grid. They could: 
> Explicitly break the link between electric- 
ity sales and utility profits through what is called 
“decoupling.” 
> Offer performance-based rate-making incen- 
tives linked to smart grid investments, renewable 
generation interconnection, additions of energy 
storage, and distributed generation. 
> Eliminate the up-front capital risks for utilities 
desiring to invest in transmission, end-use effi- 
ciency, distributed generation, and on-site storage 
by guaranteeing the recovery of costs for these 
investments. 
> Mandate that a certain percentage of utili- 
ties’ resource portfolios be dedicated to efficiency 
improvements and demand response options. 


ee 


Deny full-cost recovery for investments in 
facilities that do not include smart features. 

Develop national interconnection standards 
and unifying protocols to help eliminate distor- 
tions in the way electricity-generating capacity 
is now developed, and facilitate distributed 
generation. 
>» Enact new laws and regulations allowing the 
rational and most efficient allocation of the costs 
and benefits of the new super grid among all com- 
mercial entities involved and society as a whole. 

Unfortunately, the partial deregulation of 
utilities was complicated and frustrated by the con- 
tinuing political power of the utilities in their deal- 
ings with state regulators. And the obscene greed 
and corruption of Enron created a bad taste in the 
mouths of citizens who had been persuaded that 
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intelligent deregulation was in their interests. 

As a result, the inevitable movement toward 
a widely distributed electricity infrastructure has 
been only partly completed. The electric utilities 
continue to play a crucial role, and even advocates 
of micro-power usually acknowledge the need to 
make this transition in a way that protects the 
overall energy economy from the consequences of 
large-scale utility bankruptcies and the burdens of 
enormous stranded costs. 

Nevertheless, most experts agree that it is now 
only a matter of time before the electricity grid 
is completely redesigned to fully integrate widely 
distributed generation and storage in a unified 
smart grid that is far more efficient, far less costly, 
and far more environmentally responsible than 


today’s grid. 
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It’s increasingly clear that part of the challenge we face in solving the climate 

crisis stems from the way we think about it, both individually and collectively. 
Why is it that humanity is failing to confront this unprecedented mortal 

threat? What is it about the way we human beings process information and make 


choices that promotes global procrastination? 
In fact, there are striking differences between the commonly accepted 
mythology about the way we make decisions and the way we actually make deci- 


sions, according to psychologists, neuroscientists, and some economists. In many 


ways, most of modern civilization is based on decision-making structures that 


assume the existence of an archetypal “reasonable person,” one who takes in all 


available information about decisions to be made, selects the evidence most rel- 


evant to the decision, discusses that evidence with other reasonable persons, and 


then makes a rational decision and sticks to it. 


This prototype originated in late 18th cen- 
tury England, Scotland, and Europe as the culmi- 
nation ofa philosophical movement called the 
Enlightenment, which enshrined the “rule of rea- 
son” as a new sovereign source of authority to take 
the place of monarchs, the medieval church, and 
the feudal structure. 

It is not coincidental that Adam Smith’s The 
Wealth of Nations, Thomas Jefferson’s Declaration 
of Independence, and the first volume of Edward 
Gibbon’s The History of the Decline and Fall of the 
Roman Empire were all published in the same year, 
1776. The philosophical architects of the modern 
world were filled with optimism, a belief in prog- 
ress, and a keen sense that they were building 
something new from the remnants of an old order 
that was collapsing around them. 

The design of representative democracy and 
market capitalism were both based on the assump- 
tion that Reason could be made paramount in the 


ongoing decisions that determined human affairs. 
The collective judgments of reasonable people 
were to be found in the results of democratic elec- 
tions, which aggregated all of the individual deci- 
sions by voters in order to steer the ship of state. 
And the best guidance for the economy was to be 
found in the “invisible hand” of the marketplace, 
which aggregated the net result of millions of indi- 
vidual economic decisions to balance the supply 
and demand for goods and services. 

This overarching beliefin the rule of reason was 
enhanced by the nature of the information ecosys- 
tem on which 18th century inhabitants depended. 
Thanks to the development of the printing press 
three centuries earlier, new information spread 
rapidly to lay publics, leading to widespread liter- 
acy. There was a growing optimism that individual 
citizens, armed with knowledge previously avail- 
able only to elites, could make decisions for them- 
selves in ways that produced better political, social, 
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and economic results than mere acquiescence to 
the dictates of the few who ruled by divine right. 

The printed word was equally accessible to any- 
one who learned to read and write. For the first 
time in history, any literate individual, without 
regard to wealth or force of arms, could use knowl- 
edge and ideas as a source of power. Reason was 
the principle governing the aggregation of individ- 
ual judgments and choices into a single net result. 
While emotions and feelings were recognized as 
powerful motivators, it was assumed that ratio- 
nality would determine the ultimate outcomes. As 
Benjamin Franklin wrote in 1749, “If Passion drives 
you, let Reason hold the Reins.” 

According to this view, reason could also be 
employed to cleverly design safeguards protecting 


without governmental interference—were added 
to the text, along with the rest of the individual 
protections included in the Bill of Rights. 

The United States of America’s stunning suc- 
cess over the last 200 years (emulated by aspiring 
democracies on every continent) and the domi- 
nance of market capitalism in most of the world 
(especially after its philosophical victory over com- 
munism in the late 20th century) both serve as evi- 
dence of the unprecedented power and vitality of 
these two designs based on the assumed primacy 
of reason in human affairs. 

Both systems were traditionally seen as self- 
correcting. Market failures would be sorted out 
with the benefit of new information from the fail- 
ures themselves, with said information subjected 


Why is it that humanity ts failing to con- 
front this unprecedented mortal threat? 


the operations of the rule of reason against well- 
understood threats inherent in human nature. 

For example, since the accumulation of too much 
power in the hands of one person (or one small 
group of people) could unbalance the operations of 
reason, America’s founders divided power between 
state governments and the federal government and 
divided power within the federal system among 
three coequal branches of government. These 
checks and balances were woven into the fabric 

of the U.S. Constitution. It is worth remembering 
that the states refused to ratify the Constitution 
until individual freedoms provided by the First 
Amendment—which, among other things, guaran- 
tees citizens access to the free flow of information 


to the rule of reason in order to find progressively 
better solutions to newly discovered problems. 

For example, when reformers pointed out the 
unhealthy economic consequences of concentrated 
economic power, Congress responded with anti- 
trust laws and other protections. When the Great 
Depression of the 1930s shook public confidence 
in market economics, the U.S. government adopted 
vast new powers of regulation to protect against a 
repeat of that massive market failure. 

Similarly, it was assumed that voters would 
respond to political failures by correcting them 
over time, ideally at the next election. The key to 
continued smooth functioning of both intertwined 
systems was freedom of information. So long as 


reasonable people were guaranteed access to a free 
flow of information in both politics and commerce, 
they could be trusted to fix any problem and con- 
tinue the march of progress. 

It is now apparent that the climate crisis is pos- 
ing an unprecedented threat not only to the future 
livability of the planet but also to our assumptions 
about the ability of democracy and capitalism to 
recognize this threat for what it is and respond 
with appropriate boldness, scope, and urgency. 
Global warming has been described as the greatest 
market failure in history. It is also—so far—the big- 
gest failure of democratic governance in history. 

In searching for the underlying reasons behind 
these twin historic failures, psychologists and neu- 
roscientists have begun to argue that the climate 
crisis poses a unique and unprecedented challenge 
to our ability to use the rule of reason as a basis for 
urgent response. 

The specific flaws in market capitalism high- 
lighted by the climate crisis are discussed in more 
detail in Chapter 15, while the political obstacles to 
an effective solution are discussed in Chapter 16. 
But there is something more basic in our relation- 
ship to the climate crisis that reveals the funda- 
mental flaws in the way we have thus far been able 
to think about it collectively. 

Our capacity to respond quickly when our 
survival is at stake is often limited to the kinds 
of threats our ancestors survived: snakes, fires, 
attacks by other humans, and other tangible dan- 
gers in the here and now. Global warming does not 
trigger those kinds of automatic responses. 

We also have the demonstrated ability to 
respond urgently to indicators associated by 
repeated experience with harmful consequences: 
the smell of leaking natural gas or a run on the 
bank, for instance. We may be slow to learn these 
kinds of habitual responses, but once we learn 
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them, we gain the ability to respond to an appropri- 
ate stimulus almost automatically, with very little 
need for thinking. 

The phenomena that alert scientists to the 
onset of the climate crisis are, by contrast, unfa- 
miliar, because they are unprecedented in human 
experience and seem slow-moving due to the vast 
global scale of the ecological systems under siege. 
In other words, because of its planetary scope, this 
crisis masquerades as an abstraction. 

Asa result, the automatic and semiautomatic 
brain responses that have ensured our survival over 
the millennia are uniquely unsuited to the role of 
motivating new behaviors and patterns necessary 
to solve the climate crisis. 

The impact of global warming seems remote. 
Its effects are distributed throughout the earth ina 
pattern that makes it difficult to ascribe an unam- 
biguous cause-and-effect relationship between 
what is happening to the earth as a whole and what 
is happening toa single individual in a given time 
and place. Because local consequences are still dif- 
ficult to attribute to the global catastrophe, we are 
slow to perceive its immediate and growing effects. 

The necessary perception of local impacts may 
finally be changing, however, given the incredible 
number of record floods, record droughts, record 
fires, and record storms. Unprecedented changes in 
the distribution of living species important to peo- 
ple in specific areas—whether the disappearance 
of salmon off the coast of California, the loss of 
specific songbird species in multiple areas, or the 
radical changes in duck populations in places where 
duck hunting is popular—have also raised aware- 
ness. Increasingly, scientists have grown confident 
in saying we have crossed a threshold beyond which 
it is irresponsible not to point out the cause-and- 
effect relationship between global warming and 
the exact kinds of consequences so long predicted. 


The scientific evidence that forms the basis of 
our understanding of this looming catastrophe is 
unequivocal, but as alarming as that statement is, 
it lacks emotional impact, because its conclusions 
point toward “probabilities” and unfamiliar “non- 
linear effects.” Moreover, our species has no histor- 
ical memory of any comparable catastrophe in the 
past, and thus no point of emotional reference. And 
sO we are putting more weight on the rule of rea- 
son than we ever have in the past. 

Because the benefits of solving the crisis lie 
in the future, while the solutions must be under- 
taken now, reason-based analysis has thus far 
proved insufficient to motivate action. The com- 
mon behaviors that cause the climate crisis— 
particularly the massive burning of coal and oil 
worldwide—are ingrained in our civilization. Since 
changes in behavior by individuals seem so unlikely 
to impact the global crisis, it’s exceedingly difficult 
for reason to challenge the powerful forces of habit. 

Scientists who study human behavior, the 
nature of the brain, and the way we make decisions 
have developed a sophisticated understanding of 
the limits to our ability to rely on the rule of reason. 
Specifically, they describe with increasing precision 
the limitations that circumscribe our ability to rely 
on rationality, to devote sustained attention to one 
particular problem, and to apply limited reserves 
of willpower to solving a problem that persists over 
decades or centuries. 

Fortunately, there is a third brain system that 
can guide us in making the crucial decisions nec- 
essary to safeguard the future of our civilization. 
Neuroscientists and behavioral psychologists have 
long understood the process by which we as human 
beings—individually and collectively—set long- 
term goals based on shared values and continue 
pursuing them ina dedicated way over decades, 
generations, even centuries. 
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The great cathedrals of Europe were built by 
human beings just as vulnerable to distraction and 
just as desirous of short-term gratification as we are. 
The pyramids of Egypt, Angkor Wat in Cambodia, 
and the Palace of Knossos in Minoan Crete are 
among the many examples of multigenerational 
achievements throughout our history. The Marshall 
Plan, NATO, and the unification of Europe were pur- 
sued ina focused manner over a long period of time. 

Scientists can now monitor how the human 
brain makes decisions that motivate changes in 
behavior. They have learned that values-based, goal- 
directed decisions sustained over long periods of 


time require a great deal of thought and are made 
slowly but deeply. The prefrontal cortex is the part 
of the human brain that enables us to focus ina sus- 
tained way on the future reality we intend to shape 
with long-term efforts beginning in the present 
moment. Dr. Greg Berns of Emory University notes: 
“Some researchers have speculated that the differ- 
ence between humans and other animals lies in our 
ability to form a mental image of, and care about, 
delayed outcomes, and there is widespread agree- 
ment that the prefrontal cortex, which is dispropor- 
tionately large in humans relative to other species, 
has an important role in this capability.... Humans 


THE LONG BATTLE AGAINST SMOKING 


In 1964, when a landmark Surgeon General’s report 
called “Smoking and Health’ officially linked smoking 
with public health problems for the first time, smok- 
ing was generally treated as a pleasurable vice, nota 
public-health emergency. The 50 percent decline in U.S. 
smoking rates since that report is a long-term success 
story illustrating how changes in attitude and policy 
can change a nearly suicidal habit. 

The rate’s decline was kick-started by the Surgeon 
General's warning placed on cigarette packs in 1966, 
and by the Public Health Cigarette Smoking Act of 1969, 
which banned tobacco advertising from TV and radio 
and strengthened the wording of the pack warnings. 

Even as their customer base declined, cigarette 
makers maintained that no proof existed that their 
products were harmful or addictive. The PR backlash 
and settlements of hundreds of lawsuits provided 
impetus and funding for effective public education 
campaigns and subsidized addiction treatment, add- 
ing further positive momentum to the anti-smoking 
movement. 

Cigarette use, responsible for 90 percent of all 
lung cancers, is now largely unwelcome in pub- 
lic. Through a combination of government action and 
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Smoking rates have dropped significantly since 1965. 


societal progress, smoking has become stigmatized. 
The most recent studies show that fewer than 20 per- 
cent of American adults smoke; the Centers for Disease 
Control and Prevention credit the decline in smoking 
with saving thousands of lives every year. 


SOURGE: U.S. Centers for Disease Control and Prevention 
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undoubtedly share with other animals the mech- 
anisms that produce rapid hyperbolic time dis- 
counting, but we also have the capacity, seemingly 
enabled by the prefrontal cortex, to make decisions 
that take account ofa much longer span of time.” 

Once they are made, such decisions can produce 
powerful commitments to sustained behavioral 
change and allow enormous flexibility in pursuit of 
the goals that have been set. 

Over the millennia of human civilization, we 
have often formalized the process of making long- 
term, values-based decisions. For example, the 
great faith traditions on our planet—including 
Christianity, Islam, Hinduism, Judaism, Buddhism, 
Taoism, and others—all embody important and 
largely consistent teachings about the value of pro- 
tecting and preserving the health of our environ- 
ment and serving as good stewards of the bounty it 
provides us. Among the many roles they play in peo- 
ple’s lives, these faith traditions have sought to ele- 
vate important shared values as factors that guide 
the decisions of adherents who wish to live ethical 
lives. These values could, if people chose to make 
them a priority, play a crucial role in reinforcing the 
ability of humankind to sustain a multigenerational 
commitment to the changes now necessary to ful- 
fill our roles as good stewards of planet Earth. 

Brain scientists have identified the specific 
parts of the brain within the prefrontal cortex 
that keep us on course once we decide to pursue 
a value-based goal over a long period of time. 
Significantly, they also note that the particular 
part of the human brain—the dorsolateral pre- 
frontal cortex (or DLPFC)—just above the temples, 
may weaken in the presence of high stress and that 
the mental effort necessary to maintain its crucial 
function may be exhausted by excessive distrac- 
tion and anxiety. The DLPFC Keeps us on track 
by coordinating our ability to recall things from 


TRADITIONS OF ENVIRONMENTAL STEWARDSHIP 


Do not dump waste in any place 
from which it could be scattered 


by the wind or spread by flooding. 


JUDAISM (Maimonides’ Mishneh Torah) 


DIO NOT GWIAr lel=S), 
BECAUSE THEY 
REMOVE POLLUTION 


HINDUISM (Rig Veda, 6:48:17) 


This is what should be done by 
those who are skilled in good- 
ness, and who know the path 

of peace: let them be able and 
upright, straightforward and 
gentle in speech, humble and not 
conceited, contented and eas- 
ily satisfied, unburdened with 
duties and frugal in their ways, 
peaceful and calm, wise and 
skillful, not proud and demand- 
ing in nature. Let them not do 
the slightest thing that the wise 


would later reprove. 


_ The world is beautiful and verdant, and verily 


God, be He exalted, has made you His stewards 


in it, and He sees how you acquit yourselves. 


ISLAM (Hadith of sound authority, related by Muslim on the authority of Abu Sa‘id al-Khudri) 


You should not burn [the vegetation 
of ] uncultivated or cultivated fields, 
nor of mountains and forests. 

You should not wantonly fell trees. 
You should not throw poisonous 
substances into lakes, rivers, and 
seas. You should not wantonly dig 
holes in the ground and thereby 


destroy the earth. 

TAOISM (180 Precepts of Lord Lao) 

Do not disturb THEN THE LORD GOD TOOK 
the sky and do THE MAN AND PUT HIM 


INT He GAR DEN Or EDEN 
not pollute the 
TO TEND ANID (a Sea 


atmosphere. ‘ 
CHRISTIANITY 


(Genesis 2:15, New King James Version) 
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memory, plan for the future, and juggle all of 

the things competing for our attention. Take the 
DLPFC offline—with constant, excessive levels of 
stress, for example—and we become locked in the 
here and now, with little care for the past and an 
ambivalence for the future. Unsurprisingly, there 
is overwhelming evidence that modern societies 
routinely generate much higher levels of stress 
than was common in previous centuries. 

One big source of the new, extraordinarily 
high levels of ambient stress is the information 
environment in which most of us now live. Because 
the evolution of modern culture and ubiquitous 
electronic media serve up a constant diet of dis- 
traction, we may be less able to rely ona sustained, 
decades-long focus of collective willpower just 
when we need it more than we ever have. 


THE BRAIN’S SELF-CONTROL CENTER 


And part of the reason is that—ironically— 
the primary users of the new brain research are the 
marketers and advertisers of goods and services. 
The advertising industry fuels the massive, expen- 
sive, and omnipresent electronic media that are 
underwritten by the constant push for more and 
more consumption. The average American now sees 
an average of 3,000 advertising messages per day. 

Virtually every Pavlovian trigger discovered in 
the human brain is now pulled by advertisers. Partly 
as a result, material consumption in our society has 
reached absurd levels, declining slightly only in the 
teeth of the worst economic downturn since the 
Great Depression. 

Per capita purchases of clothing in the United 
States doubled from 1991 through 2005. In the first 
seven years of this decade, U.S. household debt— 


Scientists at the California Institute of Technology studied how we make diet choices to pinpoint the parts of the brain 


that help us consider long-term risks and values. In fMRI images, regions of the ventromedial prefrontal cortex (vmPFC) 


were active in every decision, but the dorsolateral prefrontal cortex (DLPFC) became active only when self-control was 


used. When the vmPFC was tempted by a candy bar, the DLPFC prompted consideration of the benefits of an apple. 
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driven by unprecedented levels of consumption— 
grew to 138 percent of disposable income. Per cap- 
ita production of waste in this frenzy of production 
and consumption in the United States has now 
reached an astonishing 141 pounds per day for every 
man, woman, and child in the nation. (This figure 
includes a per capita attribution of the combined 
total of individual, household, commercial, and 
industrial waste—though it excludes most of the 
waste associated with the high volume of products 
made in China and elsewhere and then sold in the 


agree with the statement “I feel left out of things 
going on around me” has quadrupled. 

Increased consumption of goods and services 
has come to be equated with the pursuit of happi- 
ness. Yet the level of happiness in modern U.S. 
society—by any measure—has not increased with 
the level of consumption. The results are similar 
in other high-consumption countries. Numerous 
studies have found significantly greater levels of 
well-being and happiness in some societies with far 
lower standards of living as measured by per capita 


Virtually every Pavlovian trigger discov- 


ered in the human brain is now pulled by 


BOVerLSels. 


U.S. It also excludes the weight of the fuel used to 
generate electricity.) 

Indeed, the new combination of electronic 
media and mass advertising has produced a culture 
of constant mass consumption that is far different 
from anything seen previously in human history. 
Quite apart from the economic and environmental 
consequences of our consumption binge, the psy- 
chological consequences for civilization are pro- 
found. The average American now spends five hours 
per day watching television. The average home, 
according to Nielsen, now has “more TVs per home 
than people.” Most of that time has been subtracted 
from opportunities to talk with family, friends, 
and neighbors, and from participation in commu- 
nity affairs and the democratic life of the nation. 
No wonder the number of Americans who say they 


production and consumption. 

Voluminous studies in the relatively new 
field of “happiness research” show that, after 
achieving the ability to meet basic needs for food, 
shelter, transportation, and health care, individu- 
als and families stop making tangible gains in their 
sense of well-being with further increases in con- 
sumption. In the aggregate, the United States 
has tripled its economic output over the last half- 
century, with absolutely no gain in the general 
sense of well-being. 

The distortion of what we deem “valuable” 
and the confusion about what is likely to make us 
happy is driven partly by our obsession with mate- 
rial goods. “He who dies with the most toys wins” 
is intended as a humorous comment on our current 
behavior, but as a diagnosis of our current beliefs 
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| grain of truth. Indeed, consumption has become a 
me 9Oal in and of itself. 

Some behavioral psychologists and brain 
researchers have recently begun an effort to dis- 
cern how we might develop a system of common 
4 valuation for psychological rewards and improve- 
ments in our sense of well-being that can be quan- 

\ tified in ways that reflect how much they are worth 
to us in comparison with cash income, goods, or ser- 
Mi vices. In many ways, the work of these researchers 

. represents what a previous generation might have 

; regarded as simple common sense, but it is a mea- 
sure of how much we have been immersed in the 
culture of consumption that we findnewmeaning see 
in the attribution of monetary value to things such Da ° 
as time with loved ones, enjoyment ofa beautiful 
environment, and the ability to have a voice when 

* community decisions are made. 

Recently, a few innovative policy makers have 
attempted to identify what they call “psychological 
subsidies” that can encourage the positive changes 
needed to save energy and promote efficiency, con- 
fe, servation, and renewable energy. These same inno- 
“. vators have tried to identify “psychological taxes” 

| that serve as barriers to new approaches that would : 


these barriers, they hope to make more progress. 
Business managers have long known that social 


| move policy in the right direction. By removing 

rewards can be more important in motivating pos- 
4 itive change than material rewards. Now there isa 
m focused effort to use that knowledge in the shap- 

ing of policy. Such rewards are sometimes called 
4 “nudges” and, in the context of climate change, 
§ can beas simple as providing clear information to = 
= people about the consequences—positive and 
: 


negative—of the choices they are making. 


ONO Am ae, 


= However, when it comes to convincing whole 
societies to make the transformative changes 
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necessary to stabilize Earth’s climate, behavioral 
and brain researchers recommend completely new 
approaches to designing and communicating pol- 
icy. Simply laying out the facts won’t work, they 
say. The barrage of negative, even terrifying, infor- 
mation can trigger denial or paralysis or, at the very 
least, procrastination. 

It can also trigger what psychologists call 
“single-action bias.” This deeply ingrained brain 
pattern, combined with our often unrealistic 
confidence that technology alone will save us, 
has led some to assume that once we make up our 
minds to act, we can simply choose yet another 
single technological solution to “fix” the problem 
in short order. 

Some of the more bizarre manifestations of 
this disorder in our thinking include a proposal 
from a distinguished nuclear physicist, Edward 
Teller, to put billions of tinfoil strips in orbit around 
the Earth in order to reflect up to 2 percent of the 
incoming sunlight and cool down the planet. An 
even more extreme proposal involves placing a 
giant parasol in orbit around the sun at a point 
where it will partly shade the earth and reduce the 
amount of incoming sunlight. Both proposals over- 
look the important fact that sunlight in adequate 
amounts is necessary for growing food and sustain- 
ing the health of plants and animals. Fortunately, 
neither of these proposals is being taken seriously. 

However, some other proposals for block- 
ing incoming sunlight have, unfortunately, begun 
to attract a modicum of support from a few sci- 
entists who ought to know better but who have 
grown increasingly desperate about the failure of 
the world’s political systems to respond to the cli- 
mate crisis. Some distinguished scientific groups 
have now begun serious discussion ofa few of these 
ideas. One such proposal is to inject huge quantities 
of sulfur dioxide into the atmosphere in order to 


block a portion of the incoming sunlight. 

Advocates of this idea acknowledge that it 
might have serious unintended consequences, such 
as changing the chemistry of our atmosphere in 
ways that could lead to irreversible effects we don’t 
understand. They point out that volcanoes inject 
about the same amount of SO, every couple of 
decades, apparently without any irreversible harm. 
However, the intermittency of volcanic SO, is very 
different from maintaining a constant, artificially 
high level of SO, in the atmosphere. Moreover, so 
long as the amount of CO, and other greenhouse 
gases continued to increase in the atmosphere, we 
would have to constantly replenish and add to the 
amounts of sulfur dioxide that we put into the sky. 
If we ever stopped doing this, we would face the 
sudden acceleration of global warming at a rate of 
2 to 4°C per decade (compared with 0.2°C now)— 
Just as the protagonist in The Picture of Dorian Gray 
suffered a terrifying acceleration of the aging pro- 
cess when the artificial but temporary suspension 
of his aging was suddenly no longer functioning. 

Moreover, the sulfur dioxide cloud circling the 
earth would partially negate the effectiveness of 
the effort now beginning to shift electricity produc- 
tion to solar panels. And in any event, the effort to 
counter the global warming impact of carbon diox- 
ide by blocking sunlight would do nothing to stop 
the other consequences of CO, buildup, such as 
seriously harming the world’s oceans through 
acidification. 

A more benign proposal involves painting roofs 
white all around the world in order to increase the 
amount of sunlight reflected off the surface. If this 
idea worked, its proponents add, we could paint 
parking lots and highways and portions of deserts 
white. And while this particular proposal for white 
roofs is a good one and should receive serious con- 
sideration, the benefits would quickly be wiped 
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out if we continued increasing the accumulation 
of CO, and the other air pollutants that cause 
global warming. 

Another family of technological fixes—or 
“geoengineering,” as all of these proposals are 
sometimes called—involves efforts to change the 
chemistry of the oceans in ways that might increase 
their absorption of CO, by stimulating larger plank- 
ton blooms. Early experiments involving enrich- 
ment of some areas of the ocean with iron have 
failed to absorb carbon at anywhere near the levels 
predicted, because the process by which the ocean 
absorbs CO, is vastly more complex than this 


of civilization. We should not begin yet another 
planetary experiment in the hope that it will some- 
how magically cancel out the effects of the one we 
already have. 

The only meaningful and effective solutions 
to the climate crisis involve massive changes in 
human behavior and thinking—changes that lead, 
in turn, to the widespread use of efficiency and con- 
servation, a shift from fossil fuels to solar and wind 
and other renewable forms of energy, and an end to 
the burning of forests and croplands and the deple- 
tion of carbon-rich soils. 

In order to bring about these changes, 


The only meaningful and effective solu- 


tions to the climate crisis involve massive 
changes in human behavior and thinking. 


theory originally suggested. Massive tree-planting 
programs, on the other hand, make excellent sense 
and, as described in Chapter 9, such programs 
can—if carried out ona sufficiently large scale— 
measurably increase the amount of CO, taken out 
of the air by trees and forests. Similarly, efforts 

to enhance the ability of soils to absorb CO, (as 
described in Chapter 10) can be valuable tools ina 
multipronged strategy to solve this crisis. 

In any case, we are already involved in a mas- 
sive, unplanned planetary experiment. We already 
have all the evidence we need to know that human 
interference in the natural climate balance and in 
the relationship between the earth and the sun car- 
ries with it enormous risk of harming the health of 
the ecosystem in ways that can threaten the future 


scientists who study behavior and thinking 
advise us to strengthen the linkage between 
solutions to global warming and solutions to other 
challenges (economic, strategic, and social) that 
seem more immediate and are more likely to 
induce a desire to make the necessary changes. 

In communicating the urgency of the climate 
crisis, it is important to use relevant, everyday 
language and to link the virtue of solving the 
crisis to the shared values and aspirational goals 
that have proved in our past to sustain long- 
term collective commitments. We are inherently 
social animals, and our survival as a species has 
depended not only on the survival of the fittest 
individuals but also upon our ability to cooper- 
ate with one another and to strengthen the social 
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bonds that make such cooperation possible. 

Moreover, there is also evidence that the legacy 
gifts of one generation to the next carry with them 
a felt obligation to reciprocate by doing well and 
passing on the legacy to the next generation. Even 
though we are inherently vulnerable to the desire 
for short-term gratification and even though we 
usually have an ingrained preference for short-term 
actions, those preferences can be and often are 
overridden by an innate and powerful desire to do 
right by those to whom we feel some connection. 

The strategy we follow must give people an 
active role in helping to solve the crisis and con- 
nect the value of what we’re encouraging them to 
do to personal experiences that carry emotional 
meaning. Rather than dwelling on the elimination 
of all remaining uncertainty, we need to communi- 
cate the essence of why we already know more than 
enough to begin acting urgently. We also need to 
structure the choices that lie before us in ways that 
enable the necessary changes to seem easier and 
more automatic. 

Once we find ways to embody these shared 
values in new social norms, we will benefit from 
the natural desire of people to follow the lead of 
others in circumstances similar to their own who 
are actively becoming part of the solution. We 
must pay attention to the alignment of individual 
choices with the incentives that businesses have to 
reinforce those same choices. 

It’s also important to design systems that will 
give our society constant feedback on the prog- 
ress we’re making in order to continually update 
the strategy we decide to follow in solving the cri- 
sis. Fortunately, the new information technologies 
that make such communication possible can play a 
crucial role in keeping us on this course. 


CHINESE SCHOOLCHILDREN TAKE PART INA TREE 
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OF A- NATIONAL EFFORT TO.STOP DESERTIFIGATION: 
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It is remarkable that at the very moment when we finally seemed ready to 
address the climate crisis we were hit with the worst global economic crisis since 
the Great Depression. Initially, many assumed this steep global financial down- 


turn would halt progress on climate crisis solutions. But in fact, the relationship 


between these two monumental challenges has turned out quite differently. 


Economic policy experts from almost all points on the ideological spectrum 


acknowledged early on the need for a massive economic stimulus through 


government spending. The subsequent funding of large-scale projects intended 


to create millions of jobs has accelerated development of a green infrastructure 


in ways that promote solutions to the climate crisis. 


Even so, we still are not using the power of the 
market economy to address this issue. It is deeply 
ironic that many of those opposing meaningful 
efforts to avert catastrophe raise fears of economic 
harm while, at the same time, absolutely refusing 
to allow the use of market mechanisms to help 
solve the crisis. Change is urgently needed because 
there are serious flaws in the quality and nature of 
the information we receive about the environment 
from market signals. 

Our current system of measuring what is good 
for us and what is bad for us is deeply flawed. At 
present, global warming pollution—indeed, all 
pollution—is described by economists as a nega- 
tive “externality.” In public discussions, this tech- 
nical economic term has come to mean: we don’t 
want to keep track of this stuff, so let’s pretend it 
doesn’t exist. 

Carbon dioxide, the most important source 
of global warming pollution, is invisible, tasteless, 
and odorless. It is largely invisible to market calcu- 
lations as well. And when something’s not recog- 
nized in the marketplace, it’s much easier for 
government, business, and all the rest of us to 


pretend that it doesn’t exist. But what we’re pre- 
tending doesn’t exist is destroying the habitability 
of the planet. We put 90 million tons of it into the 
atmosphere every 24 hours, and the amount is 
increasing decade by decade. 

The easiest, most obvious, and most efficient 
way to employ the power of the market in solving 
the climate crisis is to put a price on carbon. The lon- 
ger we delay, the greater the risk the economy faces 
from investments in high-carbon-content assets 
and activities. The artificial value placed on such 
investments ignores the reality of the climate cri- 
sis and its consequences for business. As Jonathan 
Lash, president of the World Resources Institute, 
recently said, “Nature does not do bailouts.” 

When we accurately acknowledge the con- 
sequences of the choices we make, our choices 
improve. Our market economy can help us solve the 
climate crisis problem if we send it the right signals. 
We've got to tell ourselves the truth about the eco- 
nomic impact of pollution, and we have to measure 
it. We need to internalize the externalities. 

The system of “national accounts,” which still 
serves as the backbone for determining today’s 


THIS COAL PLANT IN ROME, GEORGIA, INSTALL 
A SCRUBBER IN 2008 TO PREVENT SULFUR ; 
DIOXIDE EMISSIONS AND TO BRING THE PLANT ~~ 
INTO COMPLIANCE WITH FEDERAL CLEAN AIR " 
STANDARDS. NEW EPA REGULATIONS COULD 
REQUIRE LIMITATION OF CO2 AS WELL. 
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gross domestic product (GDP), is woefully incom- 
plete in its assessment of value. Principally estab- 
lished in the 1930s, this system is precise in its 
ability to account for all produced goods and ser- 
vices, including capital goods, but dangerously 
imprecise in its ability to account for natural and 
human resources. 

John Maynard Keynes led a group of econo- 
mists who worked during the 1930s to give policy 
makers better tools to avoid a repeat of the Great 
Depression. In spite of the brilliance they brought 
to meeting this challenge, they were encumbered 
by unspoken assumptions then prevailing ina 
world in which industrialized countries still pos- 
sessed colonies in Africa, Asia, and Latin America. 

The colonial era would come to an end afew 
decades later, but during the time when the 


GDP VS. GPI: “PRODUCT” VS. “PROGRESS” 


national accounts were being devised, it seemed 
easy to assume that natural resources need not be 
accounted for in the same way as capital resources. 
Asaresult, common accounting devices like 
“depreciation,” which were routinely applied to 
man-made capital assets like equipment, buildings, 
factories, and other fixed assets, were simply not 
used in the same way for raw materials that seemed 
then to be available in almost limitless supplies. 

In fairness to the economists who created GDP, 
they never intended for it to become widely used as 
a measure of general well-being. They were focus- 
ing, in the national accounts, on domestic produc- 
tion. However, others soon began using GDP asa 
way of measuring the overall health ofa nation’s 
economy, when that is not the purpose for which 
the measurement was intended. 


Whereas GDP is the standard measure of a country’s economic performance, summing the market value of all goods and 


services, the genuine progress indicator (GPI) is an attempt to measure the sustainability of income and the socioeconomic 


well-being of a nation. GPI adjusts the personal-consumption data of GDP by adding the benefits of nonmarket work, like 


unpaid housework and volunteering, and subtracting social costs like crime, air and water pollution, and the loss of farm- 


land and forests. Over the past 50 years, GPI has increased at a much lower rate than GDP. 
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It is ironic that such an elaborate system of 
accounting—one resting on an assumption that 
economic actors possess “perfect information” — 
would assign large categories of inputs and outputs 
toa netherworld that was considered safe to ignore. 
Most forms of pollution fell into this category 
because of a false assumption that the earth was 
so vast and resilient that dumping pollution into 
nature surely had no consequences worth tracking 
on the balance sheets. 

The most serious consequence of failing to 
account for pollution in routine business judg- 
ments was that we made markets “blind” to the 


the portion of that spectrum that’s made up of light 
that we can see with our eyes isa very tiny slice. 
There’s so much more out there, but human nature 
being what it is, we tend to assume that what we see 
is all that really matters. And since most everybody 
else does as well, we get along pretty well that way. 
The practice of looking solely at common finan- 
cial reports means looking only at a narrow slice of 
that spectrum of information. Yet the information 
that lies ina company’s environmental practice, 
employee practices, and the other nonfinancial fac- 
tors is very important. 

Physicist Werner Heisenberg discovered that 


The gross national product "measures 
everything, in short, except that which 
makes life worthwhile.’ 


consequences of decisions and business plans that 
resulted in unrestrained pollution. This selective 
blindness, especially when coupled with supreme 
confidence that markets are routinely helping us 
make wise decisions in the aggregate, has made it 
extremely difficult to rely on market forces to solve 
the climate crisis. In fact, market forces cannot 
solve the climate crisis on their own. Markets fail to 
get the right outcome in the presence of externali- 
ties; policy intervention is required. 

Consider this analogy that describes what we 
see and what exists alongside what we see, even 
though we are blind to it. Ifyou look at the electro- 
magnetic spectrum from ultraviolet to infrared, 


SENATOR ROBERT F7KENNEDY 


in quantum physics, the act of observing changes 
what’s being observed. It seems also to be true that 
when we as human beings observe something, the 
act of observing affects us. Information carries an 
imperative. Managers of investment funds who get 
daily financial reports begin to rely heavily on them, 
to the exclusion of other important information 
not included in those. As a result, their judgment is 
affected by the tool on which they come to rely. 

Psychologist Abraham Maslow once said, “It is 
tempting, ifthe only tool you have is a hammer, to 
treat everything as if it were a nail.” In the same way, 
if the only tool we use to analyze what’s valuable is 
a price tag, then those things that don’t have price 
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tags can begin to look like they have no value. And 
those things that are not on balance sheets can begin 
to look invisible and not worth taking into account. 

Ina market economy like ours, every one of the 
solutions to the climate crisis will be more effective 
and much easier to implement if we place a price on 
CO, and other global warming pollutants. We need 
to use the right tools for this job. Once we have a 
price on carbon, the negative externality that was 
invisible and not tracked by the market will become 
visible and will be included in the decisions of the 
market participants. 

Forty years ago, Robert F. Kennedy reminded 
Americans that measures like the Dow Jones 
Industrial Average and gross national product fail 
to consider the integrity of our environment, the 
health of our families, and the quality of our educa- 
tion. As he put it, the gross national product “mea- 
sures neither our wit nor our courage, neither our 
wisdom nor our learning, neither our compassion 
nor our devotion to our country. It measures every- 
thing, in short, except that which makes life worth- 
while.” His insightful observation about the gross 
national product represented a rare demarcation 
of the internal boundary between democracy and 
capitalism and invited a discussion about where to 
place the appropriate boundaries between decisions 
left to the market and decisions that ought by rights 
to be made in the sphere of democracy. 

The philosophical system of which the United 
States of America has been the avatar is Democratic 
Capitalism. Adam Smith wrote The Wealth of 
Nations in the same year that Thomas Jefferson 
wrote the Declaration of Independence. The com- 
bination of free markets and self-governance by 
free citizens in the American republic was respon- 
sible for the rise of the United States as the lead- 
ing nation of the world and for the prosperity that 
made it the envy of peoples throughout the world. 


Throughout American history, reform 
movements, such as those of the progressive era, 
and the civil rights, women’s rights, and environ- 
mental movements of the 1960s, were implicitly 
aimed at remedies in democratically enacted laws 
and regulations for perceived excesses and failures 
in the operations of unrestrained market forces. 

The decisive victory of Democratic Capitalism 
over Communism in the 50-year post-World 
War II struggle between the United States and 
its allies and the Soviet Union led to a period 
of unquestioned philosophical dominance for 
market economics worldwide. The disappear- 
ance of Communism as a serious competitor 
to Democratic Capitalism led to the illusion of 
a unipolar world with one superpower. It also 
led, in the United States, to a hubristic bubble 
of “market fundamentalism” that encouraged 
opponents of regulatory constraints to mount an 
aggressive effort to shift the internal boundary 
between the democracy sphere and the market 
sphere by asserting that, over time, markets would 
most efficiently solve most problems and that laws 
and regulations interfering with the operations of 
the market carried a faint odor of the discredited 
statist adversary we had just defeated. 

Simultaneously, changes in America’s political 
system—including the replacement of newspapers 
and magazines by television as the dominant 
medium of communication—conferred powerful 
advantages on wealthy advocates of unrestrained 
markets and weakened advocates of legal and 
regulatory reforms. 

This period of market triumphalism led to the 
dilution and removal of many protections against 
harmful pollution and, ironically, coincided with 
the scientific community’s discovery that earlier 
fears about global warming were—according to the 
evidence that quickly mounted in the 1980s and 
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1990s—grossly understated. But the entire politi- 
cal context in which this debate took form was by 
then tilted heavily toward the views of market fun- 
damentalists, who fought ferociously to weaken 
existing constraints and scoffed at the possibility 
that a new set of global constraints would be neces- 
sary to halt the dangerous dumping of global warm- 
ing pollution into the earth’s atmosphere. 

Few doubt that the renewed inquiry into the 
structure, premises, and effects of capitalism will 
lead to anything more than tighter regulation of 
excesses and new efforts to extend some regula- 
tions beyond national boundaries to cover global 
financial flows. However, many have seized the 
opportunity to freshly raise serious questions 
about fundamental flaws in the way the market 
system, at least as we have practiced it, deals with 
natural resources and pollution—including global 
warming pollution. 

Everyone knows the old saying “There is noth- 
ing so powerful as an idea whose time has come.” 

I would like to propose a corollary to Victor Hugo’s 
insight: the greatest source of destructive power is 
the sudden collapse of a widely accepted assump- 
tion that is suddenly recognized as wrong. In the 
case of subprime mortgages, the idea that some 
alchemy inherent in global financial markets would 
somehow eliminate the inherent risk of the bad 
mortgages if they were simply lumped together and 
sold as securities was an assumption that suddenly 
collapsed when the global markets realized, with 

a sinking feeling, that most of what had been sold 
with triple-A ratings was actually worthless. 

In much the same way, many institutional 
investors are now beginning to suspect that another 
widely held assumption that undergirds the value 
of their portfolios is beginning to collapse. Several 
trillion dollars’ worth of “subprime carbon assets” 
depend, for their valuation, on the belief that it’s 


perfectly okay to put 90 million tons of CO, into 
the earth’s atmosphere every 24 hours—and on 
azero price for carbon emissions that reflects this 
assumption. The world’s scientific community 

has presented irrefutable evidence that we must 
quickly stop burning carbon-based fuels in ways 
that destroy the future of human civilization. The 
owners of these assets will soon face a reckoning in 
the marketplace. They are in roughly the same posi- 
tion as the holders of subprime mortgages before 
they realized the awful mistake they had made. 

The longer we continue making investments in 
subprime carbon assets, the longer we will increase 
the risk faced by our economy from stranded invest- 
ments on a large scale. Subprime mortgages became 
“toxic assets.” And since so much money had been 
invested in these suddenly worthless assets, the 
sheer size of the stranded investment became a 
powerful drag on the economy. The amount of 
investment sunk into high-carbon assets whose 
value is likely to plummet in the foreseeable future 
also represents a serious problem for our economy. 
Moreover, the owners of these high-carbon assets 
have an incentive to aggressively defend their 
value. Unfortunately, some of them have chosen to 
defend their value by fighting against the reforms 
needed to solve the climate crisis. 

Economic history is full of similar mistaken 
assumptions that were belatedly recognized to 
the rue of investors, from the Dutch tulip craze 
in the early 17th century to Pets.com in the last 
months of the 20th century. But the financial crisis 
of 2008-09 illustrates the new global risks of spec- 
tacular bubbles when they burst. Environmental 
problems that used to be local or regional have 
become global in scale. 

The longer we fail to recognize and measure 
the true cost of burning carbon-based fuels in the 
Way we presently burn them, the bigger the bubble 
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will grow and the more destructive the bursting 
will be. A wise economist named Herman Daly said 
decades ago that “there is something fundamen- 
tally wrong in treating the earth as if it were a busi- 
ness in liquidation.” 

A second serious defect in the way our markets 
now operate—alongside the failure to put a price 
on the cost of carbon emissions—is the pervasive 
reliance on short-term profit and earnings projec- 
tions as the most important measure of whether a 
company is doing well or doing poorly. This is espe- 
cially true in public companies that rely on institu- 
tional investors who buy and sell stocks with way 
too much emphasis on quarterly earnings reports as 
the dominant indicator ofa company’s value. 

Numerous studies show that long-run perfor- 
mance determines most ofa company’s true value. 
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For years the best investors, including the legend- 
ary Warren Buffett, have understood this. Yet today 
the majority of the investment community (made 
up of investment managers, company executives, 
pension fund managers and trustees, investment 
consultants, and the research community) now acts 
in ways that give the impression that the long term 
simply does not matter anymore. 

This is a relatively new phenomenon. Thirty- 
five years ago, the average holding period for stocks 
in the United States was almost seven years. But 
today the holding period is down to six months, and 
quarterly earnings targets are an obsession with 
research analysts. 

As the evidence presented in Chapter 14. makes 
clear, we have a strong bias toward short-term 
decision-making. But this natural vulnerability 
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In the 19508 and 1960s investors held stocks for an average of seven to eight years. As recently as 1974, the holding 


period was almost seven years. Investment has become more like speculation as the average holding time has steadily 


decreased over the past four decades. In 2007 the average length of investment fell to 11 months. As of August 2009, 


it stood at six months. 
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has been artificially enhanced by the way in which 
corporations and financial markets have recently 
begun to make most of their decisions. Many 
experts in corporate finance believe that 75 percent 
or more ofa corporation’s true value is built up over 
a period of five to seven years—not coincidentally, 
the same time frame that used to characterize the 
average holding period for stocks. If most buyers of 
stock are now selling their purchases in six months, 
that is evidence that their decisions are being driven 
by something other than a desire to pick winners 
and invest in good companies. Strictly speaking, 
this short-term obsession that has taken over the 
financial markets has transformed the very act of 
investing into a behavior that, for many investors, 
more closely resembles speculation or gambling. 

Most of the short-term metrics that are now 
used to drive decisions on buying and selling stocks 
are useful in trying to anticipate how other inves- 
tors will react to similar short-term indicators. The 
decisions are still tethered, in theory, to an ability 
to project longer-term performance on the basis of 
short-term results. But the pressures now dominant 
in the market drive investors to rely increasingly on 
shorter holding periods and higher turnover. This, 
in turn, puts pressure on corporate managers— 


# especially chief executive officers and chief finan- 


cial officers—to adjust their own decisions with an 


e& eye toward maximizing good results every 90 days 


when the quarterly earnings per share are reported. 
The market is long on short and short on long. 
This short-term orientation has significant nega- 
tive repercussions for the global economy. If busi- 
nesses forgo value-creating investments to manage 


~ short-term earnings, it damages economic vitality 


in the future. A short-term perspective also hinders 
innovation and research and development, dimin- 
ishes investment in human capital, encourages 
financial gymnastics, and discourages leadership. 


How do we reverse this trend toward the dom- 
inance of short-termism? First, the investment 
community should embrace genuine long-term 
thinking. That would mean managing portfolios 
with a long-term investment horizon of roughly 
five years, or through a business cycle. To do this, 
portfolio managers and analysts need to system- 
atically take account of a number of factors that 
are not routinely monetized on balance sheets 
today—including sustainability issues—as opposed 
to focusing solely on short-term financial returns. 
As Abraham Lincoln said at the time of America’s 
greatest danger, “We must disenthrall ourselves, 
and then we shall save our country.” 

This means analyzing the implications for 
shareholder value of long-term economic, envi- 
ronmental, and social challenges. Such challenges 
include future political or regulatory risks, the 
alignment of management and board with dura- 
ble long-term company value, quality of human- 
resources capital management, risks associated 
with governance structure, the environment, 
corporate restructurings and mergers and acquisi- 
tions, branding, corporate ethics, and stakeholder 
relations. These extrafinancial issues clearly affect 
a company’s ability to enhance shareholder value, 
create a competitive advantage, and generate sus- 
tainable returns over the long term. 

Short-termism is not a problem that is found 
only in markets, by the way. My previous life was in 
politics. (I’m a recovering politician now.) When I 
first ran for office in 1976, I believe I took one poll. 
By the time I left politics in 2000, it was common 
practice to have overnight polling. Every day. And 
now tracking polls run continuously. Policy deci- 
sions made by politicians today are influenced by 
information flows derived from this never-ending 
polling and from its computerized data analysis. 

We’ve heard for a long time about the dangers 


“AFTER THIS TENNESSEE POWER PLANT’S COAL 
ASH SLURRY POND COLLAPSED IN 2008, THE 
SLUDGE DESTROYED NEARBY HOMES, DAMAGED 
FARMS AND ROADS, AND TAINTED THE EMORY 


RIVER. SCIENTISTS HAVE WARNED OF CONTINUING 
HEALTH THREATS TO LOCAL RESIDENTS. 


A BEEKEEPER TENDS HONEYBEES IN 


& 


WESTERN FRANCE. 


; 


Soo ici RUE COS ORCAR BON 


of CEOs’ responding to quarterly reports. The 
McKinsey Quarterly reported that a survey of busi- 
ness managers found “more than 80 percent of the 
executives responding said that they would cut 
expenditures on R&D and marketing to ensure that 
they met their quarterly earnings targets.” This is 
not venal behavior; it is predictable behavior. If exec- 
utives are evaluated on whether or not they hit the 
quarterly earnings mark, they’re going to behave 
accordingly. And if they don’t, they’ll be replaced by 
someone who will. This happens on a regular basis. 
McKinsey added, “A majority of the managers 
polled said that they would forgo an investment 
offering a decent return on capital if it meant miss- 
ing their quarterly earnings expectations.” 

There are managers who are trying to break out 
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of this pattern. But if a company’s major investors 
are looking for short-term rewards, then a manager 
who adopts a longer-term outlook will not survive. 

Investors who want to adopt a longer-term hori- 
zon should not approach this issue simply as a chal- 
lenge to reconcile their conscience and concern for 
the planet with the mathematics that come out of 
their investment offices. What’s really required is 
to challenge the structure of the decision-making 
process. What are the incentives that drive the 
managers? What is the time horizon? What kind 
of information is taken into account? 

Consider this example: Six years ago, a 
report from the World Resources Institute and 
Sustainable Asset Management titled “Changing 
Drivers” analyzed the carbon intensity of profits in 


In 1997 a team of researchers estimated the annual benefits of the critical “services” provided by our global ecosystem at 


$44 trillion. The total covered only renewable services, excluding nonrenewable fossil fuels and minerals. By comparison, 


the U.S. GDP was $14.3 trillion in 2008. 
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the automobile industry. They then took that met- 
ric—carbon intensity of profits—into account and 
integrated it with the rest of the traditional analysis 
of the auto company’s value, giving a more accurate 
picture of the sustainability of that stock’s value 
over time. 

The true price of burning carbon-based fuels 
like oil and coal would—in a perfect system of 


A BRIEF HISTORY OF THE PRICE OF OIL 


accounting—include additional costs that are now 
routinely ignored. The cost of failing to address the 
climate crisis is, of course, incalculable—and once 
this fact becomes sufficiently clear, it will have an 
enormous influence on our choices. 

Where coal is concerned, we do not presently 
include in the purchase price the enormous 
damage being done by the common practice called 


The volatility of oil prices—which are affected by complex political issues, financial speculation, security concerns in the 
Persian Gulf, and the weather, among many other things—has proved to be an expensive obstacle to sustainable economic 


growth. The fast rise of prices in 2008 brought oil back to its highest level ever—equaled only by a peak during the Iran- 


Iraq War, almost 30 years earlier. 
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“mountaintop mining.” Many coal deposits in 

the eastern U.S.—especially in West Virginia and 
Kentucky—are routinely mined by the systematic 
removal of entire mountaintops, with the toxic 
residue dumped into the streams of water at the 
base of the mountains. This despicable practice has 
already poisoned a number of community drinking 
water sources in Appalachia and has wreaked havoc 


Prices begin to rise on OPEC 


Asian economic crisis, oil over- 
supply; prices fall sharply 
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Prices fall sharply after 9/11 
attacks 


on the lives of many families. The new mechanized 
techniques for removing the mountaintops have 
also destroyed many jobs for coal miners. 

After the coal is mined, it typically is burned 
in ways that create the largest source of mercury 
pollution in the world. Mercury is, of course, a 
potent neurotoxin that accumulates in fish. It is 
the single largest cause of health warnings against 
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eating many varieties of fish that used to be consid- 
ered excellent and safe sources of protein. 

Moreover, after the coal is burned, massive 
amounts of toxic sludge—the second largest volume 
of toxic waste produced annually in the U.S.—are 
typically dumped into holding ponds. In December 
2008, more than a billion gallons broke free from a 
holding pond in my own state of Tennessee, forcing 
families from their homes and ruining farmland in 
the nearby community of Harriman. 

Ironically, given our current system of national- 
income accounts, the cost of cleaning up that sludge 
will be added to GDP as a positive entry, while the 
cost to the families of having their lives disrupted 
and the cost to the environment of the pollution in 
the river and the damage to drinking water supplies 
will not be subtracted from our GDP. 

Our current system of accounting also ignores 
the present value of all of the important services 
that healthy ecosystems provide, most of which we 
now take for granted. The predictable pattern of 
ice-pack melting in mountain regions provides 
clean drinking water for hundreds of millions of 
people, yet we take it for granted even as it is 
disappearing. Healthy soils recycle nutrients that 
make modern agriculture possible, yet we rou- 
tinely ignore this function even as we contribute 
to its destruction with the heavy use of pesticides 
and oil-based fertilizer. A healthy population of 
bees pollinates many food crops, not to mention 
flowers, yet the systemic threat to bees from envi- 
ronmental degradation is not taken into account. 
Looked at in aggregate, the value of these and 
other ecosystem services worldwide was calculated 
in a1997 study in Nature magazine at $4.4 trillion 
per year (in 2008 dollars)—none of which shows 
up in business or market accounting. 

Yet another cost of our reliance on oil and coal 
that is not included in our routine measurements is 


the cyclical disruption of the global economy that 
comes as a result of instability in the price of oil on 
world markets. These fluctuations drive the price of 
coal up and down in tandem with oil because there 
is enough substitution of fuels at the margin to link 
the commodities together. 

Most oil reserves in the world today are not 
owned privately by companies but are controlled 
by sovereign governments. The owners of the 
largest reserves work in concert within OPEC 
(the Organization of the Petroleum Exporting 
Countries) to pursue two strategic goals simultane- 
ously. They wish to maximize price, of course, and 
thus they routinely cut back production quotas to 
drive the price of oil higher than it might otherwise 
be, just as a private cartel might do. But they also 
pursue a second objective that is not as well under- 
stood among the oil-consuming countries: they are 
highly conscious of their strategic interests in pre- 
venting the formation of political will in the West 
that might lead to a sustained effort—like the one 
I’m advocating in this book—to make the invest- 
ments necessary to complete an historic shift away 
from oil and coal to renewable sources of energy. 

There is enough oil production in non-OPEC 
countries to limit OPEC’s ability to dictate price 
increases or sudden price reductions, and thus 
the oligopoly does not have complete control 
over prices on world oil markets. And the tensions 
within OPEC between richer members like Saudi 
Arabia and cash-strapped members like Iran also 
limit OPEC’s freedom of movement. But when con- 
ditions in the markets allow them to sit in the driv- 
er’s seat, OPEC has enough power to pursue its twin 
strategic objectives at the expense of the United 
States and other oil-importing countries. 

The world has experienced several oil-price 
shocks since the first oil embargo in 1973. These price 
shocks triggered several efforts—soon aborted—to 


. achieve energy independence by aggressively shift- 


ing torenewable sources of energy. During President 

; Carter’sadministration, wesaw an impressive 
beginning ofa shift to renewable sources, anda 

1 sharp reduction in the amounts of oil imported 
by the United States. But as soon as the price of oil 
was driven back down by OPEC, the investments 
inrenewable energy predictably dried up. And the 

a Reagan administration, which took over in January 

1981, systematically dismantled the remaining gov- 

* ernment programs tosupport renewable-energy 

; development—evento the point of symbolically 
removing solar panels already bought and paid for 

* from the roof ofthe White House. 

In 2008, we saw this cycle repeated when the 
sudden rise in oil prices in the first half of the year 
drove the largest surge in renewable-energy invest- 
ment that the U.S. has ever known. But when the 
price of oil went back down in the second half of 
the year, the investments quickly dried up. 

For the reasons discussed earlier, it is a mistake 
to rely on market signals to produce optimal deci- 
sions in the absence of a price on carbon. Beyond 
that, it is self-delusional to rely on market signals 
when they emanate from a partially rigged mar- 
ket dominated by sovereign states that take a long- 
term strategic view while we remain hostage to 
fickle short-term calculations. 

There are many other costs involved in relying 
so heavily on carbon-based fuels that are not pres- 
ently included in our market valuation of the deci- 
sions we’re making. The military expenditures by 
the U.S. alone that are attributable to the cost of 
protecting the Persian Gulf to prevent a global 
oil-price shock, along with the related U.S. military 
expenditures attributable to maintaining the flow 
of oil in the Middle East, could be reduced by tens of 
billions of dollars per year if we switched to renew- 
able sources of energy. One 2008 academic study 
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estimated the reduction at between $27 and $73 bil- 
lion per year, of which $6 to $25 billion per year (or 
up to 15 cents per gallon of gasoline) is attributable 
to the demand for U.S. cars and trucks alone. 

Another widely known defect in the way matr- 
kets for energy work is a problem that economists 
call the “principal-agent problem.” This phrase 
sounds more complicated than it really is. What it 
actually identifies is a conflict between the mar- 
ket incentives that influence the choices made 
by one set of decision makers compared with the 
economic realities that confront all those subse- 
quently affected by those choices. 

For example, many builders and developers 
of homes and commercial buildings are driven by 
short-term competition to reduce the initial pur- 
chase price or lease price of their buildings—even 
if that means skimping on heavier insulation, 
more efficient windows and lighting systems, and 
design features that can sharply reduce energy con- 
sumption to the benefit of those buying or leas- 
ing the finished properties. If the annual operating 
costs of such energy-efficient technologies were 
included in the calculations made by the builders, 
their decisions would more closely match the inter- 
ests of those who end up paying the annual oper- 
ating costs. As it is, however, the structural divide 
between builders on the one hand and owners and 
renters on the other creates incentives that work at 
cross-purposes. 

Partly as a result of these principal-agent 
problems, most buildings are highly inefficient in 
the way they use energy. In fact, buildings in the 
United States now account for almost 40 percent 
of the CO, pollution released into the atmosphere. 
The measures advocated in Chapter 12 will be 
far easier to implement if creative solutions to 
the principal-agent problem are used to remedy 
such problems in the marketplace for buildings 


and for energy-efficient technologies. 

During the era of cheap oil, energy prices 
were a much smaller percentage of overall pro- 
duction costs. So energy-reduction measures had 
a lower priority. Everyone now knows the days of 
inexpensive oil are numbered, but this strategic 
view of our energy future is not reflected in current 
market signals. So it must be imposed by govern- 
ment action in order to prevent an economic (and, 
of course, environmental) catastrophe. 

The most encompassing and serious principal- 
agent problem is that between our generation and 
all the future generations, who will live with the 
consequences of our decisions. The incentives that 
have been driving us toward short-term decisions 
based on limited information in order to maximize 
short-term profit now threaten catastrophic dam- 
age within our own lifetimes. Damage to the 
prospects of the generations following us will be 
greater still. We must make decisions in the next 
few years not only with an eye to the effect they 
have on us but also considering their impact on 
future generations. We are, in this sense, agents for 
our children and grandchildren, which means we 
must somehow bridge the divide between what 
seems right for us and what is right for them. 

For all these reasons, an effective plan for solv- 
ing the climate crisis must include aggressive reme- 
dies for our erroneous reliance on deceptive market 
signals in carbon-based energy—signals that are 
both structurally flawed and intentionally manip- 
ulated by sovereign nations seeking to control our 
energy future. 

There are three options available to us for fixing 
the flawed signals in the marketplace: 
> ACO, tax that internalizes the true environ- 
mental cost of coal and oil. 
> The use ofa cap and trade system, which accom- 
plishes the same result indirectly by restricting the 
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amount of CO, that can be produced and allocating 
it through a market-based trading system. 

> Direct regulation of CO, emissions under laws 
such as the Clean Air Act. 

I have long advocated the first option—a CO, 
tax that is offset by equal reductions in other tax 
burdens—as the simplest, most direct, and most 
efficient way of enlisting the market as an ally in 
saving the ecosystem of the planet. However, one 
of the first casualties of the ascendance of mar- 
ket fundamentalism in the United States was in 
its success in creating massive opposition in the 
Congress to any new taxation—even taxation off- 
set by reductions in other tax areas. The coal and oil 
companies, assisted by coal-burning utilities, have 
provided political contributions, massive lobbying 
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resources, and aggressive public advertising with 
corporate funds to buttress opposition by many 
elected officials to anything that these companies 
feel might hurt their profits. 

It is possible that these attitudes may change 
over time as the merits of a revenue-neutral CO, tax 
become more widely understood—and as recogni- 
tion of the unthinkable consequences of failing to 
solve the climate crisis begins to play a bigger role in 
our assessment of what is right and what is wrong. 

In the last few years, some who used to oppose 
a GO, tax have come out in favor of it. For exam- 
ple, Arthur Laffer, a conservative Republican who 
was one of the architects of President Reagan’s ini- 
tial tax-reduction plan, joined with a Republican 
Congressman from South Carolina, Bob Inglis, to 
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Inacap and trade system, the law sets maximum allowable emissions—the cap—for a set of polluting industries, such as 


power plants. For every ton of COz that a polluter reduces under the cap, it is awarded one allowance. Allowances can be 
bought, sold, traded, or banked for the future, and any facility that has successfully cut emissions below the mandated 


level can then auction their allowances to those over-polluting. This built-in cash incentive to reduce emissions encourages 


compliance and innovation—and maximizes the efficiency with which the market reduces pollution. 


SOURCE: Patterson Clark, The Washington Post, February 26, 2009 


HOW CAP AND TRADE HELPED REDUCE ACID RAIN 


During the 1980s, acid rain—caused by sulfur diox- 
ide (SQ2) emitted from power plants—was taking a 
tollon U.S. and Canadian waters, soils, and forests. 
The causes and effects were clear to all observers, but 
what was not easy to see was how the problem could 
be addressed. The solution, a cap and trade agree- 
ment covering sulfur emissions, is instructive now, as 
we must tackle the tougher global problem of climate 
change. 

In 1988, legislators from both the Democratic and 
Republican sides of the aisle worked together to cre- 
ate anew, market-based solution to the problem. It 
was clear that to reduce acid rain, SO emissions had 
to be cut by 10 million tons, halving 1980s levels. There 
were two approaches available at that time. Coal-fired 
factories and power plants could switch to low-sulfur 
coal from western-state suppliers. Or they could install 
scrubbers to catch SO? before it left smokestacks, a fix 
that industry claimed would cost $6 billion a year. 

Instead of implementing strict regulations, the 
Acid Rain Program, which was passed as part of the 
Clean Air Act Amendments of 1990, set an emissions 
cap and allowed the coal users to decide how to meet 


AVERAGE ACID RAIN CONCENTRATIONS 
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it. The proposal built in an incentive to overcomply: for 
every ton of SO? that a polluter was under the limit, the 
EPA granted an allowance that could be traded, sold, or 
banked for the future. 

Members of Congress engaged in more than 
100 hours of negotiating sessions before the bills 
passed, with votes of 401 to 25 in the House and 89 to 
10 in the Senate. President George H.W. Bush made 
emissions trading his achievement in market environ- 
mentalism, saying, “We should set tough standards, 
allow freedom of choice in how to meet them, and let 
the power of markets help us allocate the costs most 
efficiently.” Evidence has shown that it has done just 
that.In the program's first phase, regulated plants 
reduced emissions 40 percent more than required. By 
2004, SO emissions had dropped by seven million tons, 
slashing 1980s levels by 40 percent. The Department 
of Energy estimates the emissions cuts accounted for 
merely 0.6 percent of the utilities’ overall $151 billion 
operating expenses, and an M.LT. study called the pro- 
gram “more successful in reducing emissions than 
any other regulatory program initiated during the long 
history of the Act.” 


2005-2007 


Ten years after the acid rain cap and trade program was enacted to regulate sulfur-dioxide and, later, nitrogen-oxide emissions, 


acid rain concentrations in the eastern United States have decreased by 10 to 25 percent. 
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support my proposal for a CO, tax in a New York 
Times column they wrote in 2008. 

For the foreseeable future, however, it is only 
prudent to assume that the U.S. political system is 
incapable of making such a bold and controversial 
decision. This could change, but I vividly remember 
what happened in 1993 when I persuaded President 
Clinton and his economic team to include a version 
of the CO, tax (at that time called a BTU—British 
Thermal Unit—tax) in our economic plan. With 
great effort, we were able to persuade the House 
of Representatives to adopt the measure, but the 
Senate refused and watered it down to the point 
where it was worse than nothing at all. 


countries, mostly in Europe, have already enacted 
both approaches. Sweden, often considered the 
country with the most advanced strategy for reduc- 
ing CO,, has enacted both measures. Recently it 
increased the CO, tax, after an initial experience 
that was overwhelmingly positive. 

The third option for fixing the mistaken sig- 
nals in the market for carbon-based fuels involves 
government regulation of CO, emissions. In 
concert with a CO, tax and/or a cap and trade 
system, direct regulation of CO, is a very effec- 
tive approach. Moreover, in early 2007, the 
conservative-dominated U.S. Supreme Court for- 
mally ruled that the Environmental Protection 


The real solution would include both a CO, 
tax and acap and trade system, and 
| believe that will eventually be our choice. 


Confronted with the unlikelihood of gaining 
sufficient support for a CO, tax, most thoughtful 
advocates have concentrated instead on option two, 
the cap and trade system. Indeed, virtually all of the 
bills introduced in Congress by members of both 
political parties have featured a cap and trade sys- 
tem as their preferred mechanism for including the 
hidden costs of carbon-based fuels in our market 
calculations. This approach is also the centerpiece 
of President Obama’s strategy for reducing CO, 
emissions, and the centerpiece of the global negoti- 
ation in Copenhagen at the end of 2009. 

In my opinion, the real solution would include 
botha CO, tax and acap and trade system, and1 
believe that will eventually be our choice. Several 


Agency was required under the Clean Air Act to go 
forward with a formal consideration of whether or 
not to regulate CO, as an air pollutant covered by 
the law. Since CO, is obviously the most dangerous 
form of air pollution we face, most assumed that 
this court decision would inevitably lead to regu- 
lation. And early in 2009, the new head of the EPA 
under President Obama, Lisa Jackson, initiated for- 
mal proceedings that may result in regulation. 
Another form of regulation that promises 
to accelerate the transition to renewable energy 
comes in the form of a legally required mandate to 
producers and sellers of electricity that they obtain 
a large and growing percentage of their electricity 
from renewable sources. This approach has already 


a 


been enacted by the state of California and several 
other states and has already resulted in a surge of 
new investment for windmills and solar plants that 
would not have been built without the legal man- 
date. If this approach is codified in national law— 
as appears likely—this surge in renewable-energy 
investment will grow rapidly. Other countries, 
including China and the nations of the European 
Union, have adopted this approach as well. Several 
regional and provincial governments outside the 
United States have done so, too. 

Nevertheless, regulation has its limits, and it 
is clear that the roller coaster of rising and falling 
oil prices must be addressed with more direct and 
accurate market signals in order to finally solve the 
climate crisis. 

As it currently operates, the market for energy 
fails to integrate two important variables that 
enhance the attractiveness of renewable energy 
as a substitute for carbon-based fuels. As noted in 
Chapter 2, human ingenuity and innovation give 
us the prospect of steadily reducing the price of 
renewable energy in ways that simply are not avail- 
able to us in dealing with limited supplies of oil and 
coal. By making a clear choice to shift large volumes 
of energy production to renewable sources, we 
would guarantee a major increase in research-and- 
development expenditures that would drive the 
cost of renewable energy downward. The greater 
the commitment we make, the greater the produc- 
tion we guarantee—thereby locking in further cost 
reductions as economies of scale reduce the price 
of windmills, solar panels, and other technologies 
that convert renewable sources into usable energy. 

The slowing rate of oil discoveries, coupled 
with steadily growing demand in rapidly industri- 
alizing nations like China and India, guarantees 
that oil prices—and thus coal prices—will continue 
to rise over the long term, in spite of disruptive 


increases and decreases of oil prices in the short- 
term. By contrast, the long-term price of renewable 
energy is certain to continue to fall dramatically. 

If we are truly concerned about our energy and 
environmental future, the choice we must make is 
crystal clear. But we cannot rely on market signals 
to make this choice for us. 

Gapital markets and capitalism are at a critical 
juncture. The domination of short-termism 
across our financial system will stifle innovation, 
damage our economies, further impair our pension 
systems, and ultimately erode our standard of 
living. The long-term investment community, 
which represents the significant majority of total 
investable assets, must adopt truly long-term 
thinking. Company management and the research 
community must also look to the long term. Our 
livelihoods—and more importantly, our children’s 
and grandchildren’s livelihoods—depend on it. 

The financial crisis has reinforced my view that 
sustainable development will be the primary driver 
of economic and industrial change over the next 
25 years. It is imperative we find new ways to use 
the strengths of capitalism to address this reality 
and, most importantly, to solve the climate crisis. 

Sustainability and long-term value creation are 
closely linked. Business and markets cannot oper- 
ate in isolation from society or the environment. 

Today, the sustainability challenges the planet 
faces are extraordinary and completely unprece- 
dented. Business and the capital markets are best 
positioned to address these issues when markets 
and government policies provide the right signals. 
And there are clearly higher expectations for busi- 
nesses and mote serious consequences for running 
afoul of the boundaries of corporate responsibil- 
ity. We need to return to first principles. We need a 
more long-term and responsible form of capitalism. 
We must develop sustainable capitalism. 
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THE OBSTACLES WE NEED TO OVERCOME 


CHAPTER SIXTEEN 


We urgently need solutions to remove the political obstacles that block us from 
confronting the mortal threat of the climate crisis to the future of civilization. 
These solutions require difficult decisions that can be made only within the polit- 
ical systems of the United States and other nations. There is no other way. In order 
to do so, it is crucial to understand how and why our current politics have thus far 
failed us, after which we can apply the lessons learned to making political changes 
that will embolden elected officials to implement the solutions that will save us. 


John Kenneth Galbraith once quipped, “Politics 
is not the art of the possible; it is the art of choos- 
ing between the disastrous and the unpalatable.” 

In the case of the climate crisis, our choice has been 
clouded by confusion, generated in large part by a 
massive political campaign of intentional deception 
on the part of many corporate carbon polluters. 

In the first place, the disaster we are facing 
has not yet been fully and clearly recognized by 
voters. In part, this is because its vast, global scale 
has disguised its role in helping to cause specific 
catastrophes that would, if definitively linked to 
global warming, motivate impacted electorates to 
demand action. Even Hurricane Katrina—which 
was exactly the kind of Category 5 storm that sci- 
entists have long warned us will become far more 
common as a result of global warming—did not 
cause many Louisiana politicians to change their 
position on the issue. 

Second, the measures required to solve the cli- 
mate crisis seem unpalatable because the CO, emis- 
sions that must be reduced have been an integral 
part of our coal-and-oil-fueled economic activity for 
more than 150 years. The sheer scale and pervasive- 
ness of the policies necessary to de-carbonize the 
world’s activities represent a unique and unprece- 
dented challenge for the political process (even 
if millions of good jobs are created in the process). 


In other words, the changes required are simply 
not the sort of incremental course corrections with 
which our politics usually deals. 

Moreover, two other contextual factors have 
heightened political opposition to these large- 
scale changes in the United States and other indus- 
trial countries. The increased globalization of the 
world economy in recent decades and the new ease 
with which advanced manufacturing technologies 
travel across national borders have led to a massive 
migration of industrial jobs from developed nations 
to countries with lower wage rates. This trend has 
heightened the fear that new measures affecting 
business in any one nation might lead to additional 
job losses if other countries are not also required to 
participate in sharing the burden of change. 

In this regard, one of the trickiest global polit- 
ical challenges is to deal with the industrial- 
ized nations’ job-loss fears while simultaneously 
responding to the less-developed countries’ argu- 
ment that, since they did not create the climate 
crisis in the first place and since their per capita 
incomes are only a tiny fraction of those enjoyed by 
wealthier nations, they simply cannot be expected 
to share the same burdens. 

The debate on both sides of this rich-poor divide 
has been sharpened by the global recession, which 
hit the world economy just as active consideration 
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of global warming solutions was beginning. Fortu- 
nately, however, even though many expected the 
economic downturn to further delay action on 

the climate crisis, the prospect of millions ofnew 
green jobs has actually led to progress in addressing 
both the climate and economic challenges simulta- 
neously. Still, the struggle to pass global warming 
legislation and enact a global treaty to reduce 
greenhouse gas pollution has turned into an epic 
political battle lasting two decades—during which 
time the pace of change in the natural world has 
accelerated dramatically. 

Powerful industries affected by proposed 
climate crisis solutions have used all the political 
tools at their disposal in opposition. For example, in 
2009, a lobbying firm working for coal companies 
and coal-burning utilities forged letters opposing 
climate legislation to members of Congress to cre- 
ate the false impression that the letters had come 
from citizens and nonprofit organizations. Regions 
especially dependent on coal have opposed any 


WHO BELIEVES HUMANS ARE GAUSING 
GLOBAL WARMING? 

A 2008 survey revealed that 75 percent of college-educated 
Democrats believe global warming is happening because of 
human activity, while only 19 percent of college-educated 


Republicans agree. 


SOURCE: Pew Research Center for People & the Press, “A Deeper Partisan 
Divide Over Global Warming” 


measures they fear might disproportionately 
impact them. And ideological opponents of any 
enhanced role for government in managing and 
implementing the needed solutions have organized 
in opposition to the proposed policy changes. 

In the United States, even though global warm- 
ing should not be a partisan issue, the Republican 
party has aligned with opponents of government 
expansion, and in recent election cycles has 
counted oil and coal companies as key members of 
its political coalition. As a result, Republican 
elected officials have, with some distinguished 
exceptions, fought against taking any meaningful 
action on global warming. All too many Democrats 
have also opposed action—especially in regions 
with a heavy dependence on coal. 

But the disproportionate and overwhelming 
opposition of Republican officeholders has often 
given the misleading impression that the issue is 
somehow a partisan argument. And since so many 
partisans on both sides tend to follow their per- 
ceived leaders, the political divide in the United 
States has grown deeper. By 2008, when Americans 
witha college education were asked ina poll 
whether human activities are responsible for global 
warming, 75 percent of Democrats said yes, but 
only 19 percent of Republicans said yes. 

Campaign contributions from special interests 
have always playeda significant role in politics, of 
course, and special interests connected to oil and 
coal have traditionally been among the largest con- 
tributors. Moreover, the outsize influence of cam- 
paign contributions has been greatly enhanced by 
the still-growing dominance of television advertis- 
ing at the expense of reasoned discussion. Indeed, 
the historic shift from print publications to tele- 
vision has radically changed the balance of power in 
politics—particularly in the U.S.—by magnifying 
the importance politicians place on raising enough 
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Denial and ridicule of global warming science is a frequent 
feature of news programs seeking to appeal to right- 

wing voters—for some because of political bias, and 

also because of pressure on the media to portray a false 
“balance” between differing points of view. Among the 
most vocal skeptics have been (clockwise from top left) 
Rush Limbaugh, James Inhofe, Pat Buchanan, Glenn Beck, 
John Stossel, Lou Dobbs, and Sean Hannity. 
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money to buy the expensive TV ads that now deter- 
mine most election outcomes. 

Nowhere is this more evident than in the 
politics of climate. Oil and coal companies and 
coal-burning utilities were among the largest 
contributors in the 2008 election cycle and the 
largest television advertisers during the campaign. 
In just the first three months after President 
Obama took office, interest groups and corpora- 
tions spent $200 million to influence U.S. 
energy policy and build opposition to action 
on global warming. 

Since, on average, Americans now watch tele- 
vision five hours per day (which amounts to an 
incredible 17 years of television-watching in the 
average lifetime), they are bombarded with cleverly 
designed advertisements at an unprecedented rate. 
As noted in Chapter 14, this is partly responsible 
for the orgy of excessive consumption, but it is also 
responsible for a gross and continuing distortion of 
the way political decisions are now made by elected 
representatives. 

The political model conceived by America’s 
founders presumed that reasoned debate based on 
the best available evidence would play the central 
role in our nation’s political decision-making pro- 
cess. Now, however, the views of voters on issues 
important to special interests are primarily shaped 
by expensive advertising campaigns that seek to 
manufacture “the consent of the governed” as if it 
were another product line. 

Moreover, these same companies and their 
allies have flooded the U.S. Capitol with paid lob- 
byists in unprecedented numbers, dominating 
the $90 million spent on climate lobbying in 2008 
alone. According to one study by the Center for 
Public Integrity, for every single member of the 
House and Senate there are now more than four 
lobbyists working on climate issues—an increase of 


more than 300 percent since the last climate legis- 
lation was brought before Congress a few years ago. 
And lobbyists opposed to climate legislation out- 
number supporters by more than eight to one! 

Even more insidious, the integrity of our 
democracy has been poisoned by a new kind of 
sophisticated, well-planned, and lavishly financed 
campaign aimed at actively misleading the public 
about what science actually tells us concerning the 
nature and severity of the climate crisis. 

This new technique—designed to actively 
deceive people by intentionally distorting the 
science—was actually pioneered decades ago by 
tobacco companies. They systematically created 
confusion about the medical consensus linking 
cigarette smoke to lung cancer, emphysema, heart 
disease, and other deadly health threats. One 
tobacco-company memo from that era (recently 
uncovered in a lawsuit) outlined the purpose of 
their new approach to issue campaigning: “Doubt 
is our product, since it is the best means of compet- 
ing with the ‘body of fact’ that exists in the mind of 
the general public. It is also the means of establish- 
ing a controversy.” 

Now this same unethical practice has been 
perfected and vastly scaled up by large carbon pol- 
luters, who have not only employed the same strat- 
egy used by the tobacco industry but have also hired 
some of the veteran operatives from that earlier 
effort in order to systematically create doubt and 
confusion about the scientific consensus concern- 
ing the threat of global warming. 

In the late 1980s, just as the scientific con- 
sensus on global warming reached a tipping point 
and began to capture the attention of voters, sev- 
eral large oil companies, auto companies, coal 
companies, and coal-burning utilities joined forces 
to launch what can only be called a propaganda 
campaign designed to undermine the integrity 
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of the scientific evidence itself. Utilizing sophis- 
ticated psychological and marketing research, 
these companies set out to pursue a single-minded 
goal that was stated in their initial strategy (a 
memo uncovered by investigative journalist Ross 
Gelbspan): “Reposition global warming as theory 
rather than fact.” 

From its beginnings in the years immediately 
prior to the June 1992 Earth Summit in Rio de 
Janeiro, this campaign of deception by the biggest 
carbon polluters grew to become the largest effort 
of its kind the world has ever seen. And although 
some of its largest corporate supporters have been 
forced by public pressure to publicly withdraw 
from the campaign, it continues today in full force. 
Indeed, it has taken ona malignant life of its own; 
not a day passes without right-wing commentators 
on radio and cable TV talk shows loudly promoting 
the pseudo-science of the deniers. 

The creation ofan entire disinformation net- 
work has been one of the most disturbing elements 
of this propaganda campaign. The large carbon pol- 
luters set up and funded dozens of front groups. 
They paid little-known and thinly credentialed 
“scientists” to crank out thousands of pseudo- 
studies, letters, books, pamphlets, and videos, all 
purposefully designed to raise false doubts about 
virtually every aspect of the emerging scientific 
consensus. Another internal memo stated that 
one of their principal goals was to “develop a mes- 
sage and strategy for shaping public opinion ona 
national scale.” This manufactured campaign found 
a receptive audience among many citizens who 
would understandably prefer not to acknowledge 
the existence of such a frightening and potentially 
overwhelming threat as global climate change. 

Some of the contrarians, of course, are neither 
insincere nor recipients of the carbon polluters’ 
largesse. However, virtually none of them have 


published their views in refereed, peer-reviewed 
journals, and their arguments would likely be sim- 
ply ignored except for the giant megaphone and 
echo chamber afforded them by the deniers’ disin- 
formation network. 

According to one journalistic investigation, 
ExxonMobil—the largest and wealthiest of these 
companies—provided such funding to almost 
40 front groups active in efforts to pervert the pub- 
lic’s understanding of global warming science. In 
only one example of this phenomenon, just prior to 
the release of the fourth unanimous “Assessment” 
by the Intergovernmental Panel on Climate Change 
in January 2007 (which further strengthened the 
scientific consensus that the world must sharply 
reduce greenhouse gas pollution), one of the front 
groups financed by ExxonMobil offered $10,000 for 
every paper disputing the consensus findings of the 
world’s scientific community. 

Another tactic has been to routinely question 
the integrity of respected scientists by claiming 
that it’s somehow in their financial interest to 
invent the climate crisis out of whole cloth and 
thereby build support for more research funding. 
This charge is deeply ironic on two counts. First, 
it is opponents themselves who are open to 
such accusations, while their targets are simply 
reporting legitimate research findings. Second, if 
a legitimate mainstream scientist were able defin- 
itively to disprove the reality of man-made global 
warming to the satisfaction of the scientific com- 
munity, that person would 'ikely become one of 
the most celebrated—and wealthiest—scientists 
of the century. 

The global warming deniers’ arguments are 
fraudulent and often nonsensical. This entire 
disinformation campaign is so offensive to the very 
nature of the democratic process, it is tempting 
simply to ignore it as beneath contempt. But 
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because the evidence that has so galvanized 
scientific experts is still largely unfamiliar to the 
public, these professional climate skeptics have had 
an outsize impact on the politics of the issue. 
The reason for their devastating impact was 
clearly understood by the denier network from 
the outset of the campaign. One of their advisers 
described the strategic rationale in these words: 
“Should the public come to believe that the sci- 
entific issues are settled, their views about global 
warming will change accordingly. Therefore, you 
need to make the lack of scientific certainty a 


temperature that they claimed would prove that 
the earth was actually cooling. Upon closer exam- 
ination, it turned out that the authors of this 
report had made errors in mathematical calcula- 
tions and had also failed to take into account decay 
inthe orbit of the satellites that grossly distorted 
the temperature readings. These errors completely 
negated the results the deniers had so heavily pro- 
moted, and the recalculated findings ended up con- 
firming the consensus findings. Eventually, one of 
the authors was forced to acknowledge the mis- 
takes and publicly withdraw his argument. But— 


“Should the public come to believe 
that the scientific issues are settled, 
their views about global warming will 


change accordingly. 


MEMO FOR BUSH WHITE HOUSE BY POLITICAL CONSULTANT 


primary issue in the debate.” 

The specious and cynical arguments they put 
forward can be organized in terms of the stages of 
denial. Initially, their main message was that global 
warming isn’t real, doesn’t exist. They ridiculed the 
scientific consensus and cherry-picked any scrap of 
information they could use to undermine it. When 
their arguments were meticulously disproved, they 
refused to acknowledge the facts and continued 
their assertions anyway. 

To choose only one among many examples: 
the deniers enthusiastically promoted a particu- 
lar series of satellite measurements of the earth’s 


seemingly without embarrassment—he returned 
to repeating the same argument in public anyway. 

After several years of record-breaking global 
temperatures and the rapid melting of glaciers all 
over the world undermined their ability to convince 
people that the earth was not warming, the deniers 
shifted to a second line of argument. While global 
warming may be occurring, they said, it isa purely 
natural phenomenon that has no relationship to 
the 90 million tons of global warming pollution we 
put into the atmosphere every day. 

As the central role of man-made global warm- 
ing pollution became more widely understood and 
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accepted, the deniers shifted to a third line of 
argument: humans may be a factor, but global 
warming is predominantly a natural trend. None 
of their arguments were accepted for publication 
in refereed, peer-reviewed scientific journals, and 
some assertions were so extreme as to be laughable. 
For example, one denier argued that two observa- 
tions of Pluto, 14 years apart, provided evidence of 
warming on Pluto. Their point was that if Pluto was 
warming at the same time as the Earth, that would 
imply that changes in the Sun’s output of radiation 
was the common cause of warming throughout our 
solar system—and that we could absolve man-made 
greenhouse gas pollution of any responsibility for 
the increasing temperatures on our planet. But 
since it takes 248 Earth years for Pluto to trace its 
erratic orbit around the farthest reaches of our solar 
system—between 2.7 billion miles and 4.6 billion 
miles away from the sun—it’s hard to imagine that 
anyone was fooled by such a ridiculous argument. 
Eventually, Dr. Naomi Oreskes at the Univer- 
sity of California-San Diego led a team of research- 
ers who took a statistically meaningful sample of 
10 percent of all the peer-reviewed scientific papers 
on global warming that had been published over 
a 10-year period. She found that, among the 928 
papers in the random sample, not a single one dif- 
fered with the consensus scientific view on global 
warming. Characteristically, some deniers then 
sought to raise doubts about the Oreskes study, 
and one claimed that there were actually 34 papers 
that rejected or doubted the consensus view. Even 
if this claim had been correct, it would have meant 
that less than 4 percent of the global studies dis- 
agreed with the consensus. However, upon closer 
examination of this denier’s arguments, he was 
forced to acknowledge that only one of the “stud- 
ies” he cited had disagreed with the consensus, 
and that, in fact, the item was nota study at all but 


rather an opinion piece, written in The American 
Association of Petroleum Geologists Bulletin by two 
men in the oil business, one of whom held positions 
at ExxonMobil. Their article concluded that, “there 
isno discernible human influence on global climate 
at this time.” 

The deniers’ next argument makes the claim 
that, even if man is making significant contribu- 
tions to global warming, well, that’s okay because 
global warming is probably good for us. This asser- 
tion, like all the others, contradicted the unan- 
imous view of the Intergovernmental Panel on 
Climate Change. But then, that was the whole 
point: to sow doubt. 

Amore common variation on this same theme 
is that, even ifit’s not a blessing, global warming is 
certainly not a serious matter; all we have to do is to 
make some minor adjustments to adapt to hotter 
weather. This claim is also specious, of course, but 
again, the point is not to win an argument but to 
create public confusion and, in so doing, to paralyze 
the political process in the face of what is an already 
difficult decision. 

Global warming deniers pursue another par- 
allel argument, stating that any effort to solve the 
climate crisis would be worse than the crisis itself. 
This is a more traditional approach, one commonly 
taken by polluters who don’t want to pay for the 
cost of reducing emissions. But a number of eco- 
nomic analyses, including two definitive studies 
by Sir Nicholas Stern in the United Kingdom, have 
shown that the cost of cleaning up the pollution is 
actually minimal, compared with the devastating 
economic cost of allowing the damage to take place. 

The last refuge of these deniers is their claim 
that, if global warming is real, if it is predominantly 
caused by man-made pollution, and if it is, in 
fact, very bad for us, then it’s too late to address 
it anyway. This last argument shares one feature 
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In 1992, the Information Council on the Environment (ICE), a group created by the fossil fuel industry, produced these ads to 
promote doubt about global warming. The group was funded by the coal and electrical power industries. 
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with all the other arguments: it concludes that 
the right course of action is to do nothing at all 

to stop the release of global warming pollution 
into the atmosphere. That is, of course, the whole 
reason for the campaign—and the reason that 
large carbon polluters are spending so much 
money on it. 

The carbon polluters’ propaganda campaign 
has had such success in paralyzing the political 
process in part because the news media have 
abandoned one of their traditional roles: that of 
refereeing important arguments in the public 


employed in the coverage of differing political 
points of view based on subjective opinions. And 
conflict, after all, is often an inherently interest- 
ing factor in any news story—if it is legitimate. It is 
grossly inappropriate, however, to focus on bogus 
and artificial conflicts as a way of reporting on the 
current state of scientific knowledge concerning 
points that have been thoroughly investigated 
through the scientific process—especially 

when voluminous numbers of peer-reviewed 
articles result in a consensus view of what the 
science shows. 


“What they've done is try to take scientific 
understanding and put iton the same 
level with political opinion.” 


domain. The decline of newspapers has precipitated 


layoffs of experienced reporters with the time and 
resources to investigate large scams like this one. 
Asa result, the public is more vulnerable than in 
decades past to campaigns of deception organized 
by wealthy special interests. 

With budgets shrinking, many news organiza- 


tions have relied on shortcuts in covering disputes. 


Rather than devoting the time and resources nec- 
essary to investigate competing claims, they com- 
monly use an “on-the-one-hand, on-the-other- 
hand” approach that can suggest a false symmetry 
between the merits of differing viewpoints. 

This approach may be justifiable when 


MICHAEL OPPENHEIMER 


As distinguished climate scientist Michael 
Oppenheimer said in 1994: “What they’ve done 
is try to take scientific understanding and put it 
on the same level with political opinion. After all, 
if scientific understanding is the same as political 
opinion, then everybody’s opinion is equally valid. 
There are no facts. And if there are no facts, there is 
no extra validity to acting on environmental prob- 
lems than not acting.” 

For example, the existence of gravity and the 
roundness of the earth are well established, and if 
some group with a lot of money published a thou- 
sand pseudo-scientific papers expressing the view 
that the earth is actually flat and that gravity is 
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completely misunderstood, it is hard to imagine 
that any serious journalist would give those views 
equal billing with the scientific consensus. Yet that 
is exactly what the news media in the United States 
andin many other countries have done for many 
years where global warming science is concerned. 
On the one hand is the global scientific consen- 
sus, and on the other—given equal weight—are the 
crackpot theories of industry-financed deniers. 
Anextensive study in 2004 ofall newspaper 
articles about global warming written over 14 years 
in the The New York Times, The Washington Post, Los 


Ford, General Motors, Shell Oil, Texaco, and the U.S. 
Chamber of Commerce formed the Global Climate 
Coalition (GCC). Thus began a massive disinforma- 
tion campaign to deny the reality of global warming 
and to deny any connection between global warm- 
ing and human activities. Following the onset of 
this campaign, press coverage changed to give equal 
billing to the synthetic pseudo-science purchased 
by the carbon polluters. 

In the spring of 2009, documents surfaced (in 
a lawsuit) revealing that these carbon polluters had 
authorized and paid for an internal review of the 


On the one hand is the global scientific 


consensus, and on the other—given equal 
weight—are the crackpot theories of 
industry-financed deniers. 


Angeles Times, and The Wall Street Journal showed 
that 52.65 percent of the stories gave roughly 
equal billing to the scientific consensus and the 
views of deniers who claim that global warming 
has absolutely no connection to human activities. 
Significantly, the study’s authors, Maxwell Boykoff 
and Jules Boykoff, found that during the first two 
years covered by their study, 1988-1989 (before the 
large carbon polluters organized their massive pro- 
paganda campaign), press coverage represented the 
scientific consensus fairly accurately. 

In 1989, Amoco, the American Forest & Paper 
Association, the American Petroleum Institute, 
Chevron, Chrysler, Cyprus AMAX Minerals, Exxon, 


scientific evidence in 1995, and that their own 
scientific and technical experts advised them that 
the consensus view was “well established and can- 
not be denied.” Their own experts also told them 
that the contrarian theories of the deniers “do not 
offer convincing arguments against the conven- 
tional model of greenhouse gas emissions-induced 
climate change.” Yet the recently released docu- 
ments show that the “operating committee” of this 
coalition of carbon polluters forced the removal of 
that section of the report and continued to present 
to the public—including potential purchasers of 
their stocks—a view that their own censored 
scientific review had told them was not correct. 
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Instead, this coalition publicly distributed a sci- 
entific “backgrounder” to journalists and legisla- 
tors throughout the world that claimed “the role 
of greenhouse gases in climate change is not well 
understood.” Ina later version, distributed in1998, 
they changed the wording to focus uncertainty on 
whether the results of any warming would justify 
sharp cuts in emissions. 

Normally, the best practice for publicly traded 
corporations is to promptly disclose important facts 
that have a material impact on the value of their 
stocks. Yet these companies concealed informa- 
tion created at the company’s request about the sin- 
gle most important body of science relevant to the 
future value of their businesses. Since this occurred 
while the world was attempting to conclude a global 
treaty to limit the continued dumping of gaseous 


waste produced in the burning of oil and coal, they 
may have felt that, with so much money at stake, it 


was worth it for them to be less than candid. 

By the middle of 2005, the national acad- 
emies of science in the United States, the U.K., 
China, India, Russia, Brazil, France, Italy, Canada, 
Germany, and Japan had all formally endorsed the 
consensus view as stated by the IPCC. Yet the large 
carbon polluters continued their fraudulent cam- 
paign to convince the news media and the public 
throughout the world that the science was in dis- 
pute. Astonishingly, the news media continued, by 
and large, to give equal billing to the presentations 
of the industry-financed deniers. 

The radical change in news coverage that fol- 
lowed the launch of the massive industry propa- 
ganda campaign led toa dramatic weakening of 
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political support for measures to reduce global 
warming pollution. The peak of public concern was 
in the late 1980s, just before the propaganda cam- 
paign was launched. But as a result of this massive 
campaign to inculcate the news media and the pub- 
lic with a patently false view of the science and the 
seriousness of global warming, it is little wonder 
that public-opinion polls soon began showing the 
issue dropping further and further down the list of 
action priorities. This was the political result the 
polluters bought and paid for. 

Beginning in January 2001, then-President 
George W. Bush appointed several of the deniers 
who were part of the industry disinformation cam- 
paign to key positions in his administration. One 
of them, Philip A. Cooney, who had led the disin- 
formation program for the American Petroleum 
Institute, was put in charge of environmental pol- 
icy in the White House. Cooney routinely cen- 
sored the views of government scientists in official 
reports and substituted the point of view shared 
by oil and coal companies, thus making the execu- 
tive branch an active participant for eight years in 
the effort to mislead the Américan people about the 
seriousness and urgency of global warming. 

Ina lengthy investigative report by Sharon 
Begley in the summer of 2007, Newsweek reported 
the results of this campaign: “Since the late 1980s, 
this well-coordinated, well-funded campaign by 
contrarian scientists, free-market think tanks, 
and industry has created a paralyzing fog of doubt 
around climate change.” 

There is, of course, a long list of fraudulent 
efforts to present public information that misleads 
people and markets about the true value of enter- 
prises. Disgraced financier Bernie Madoff, for exam- 
ple, led investors in his hedge fund to believe that 
he was putting their money into stocks, when, in 
fact, he was operating the world’s largest Ponzi 


scheme. A large number of banks convinced mil- 
lions of people that so-called subprime mortgages 
were among the safest investments—even though 
the holders of those mortgages were not required 
to make down payments or to present the tradi- 
tional financial evidence that they could make their 
regular monthly payments. When the awful truth 
about the real value of these mortgages came to 
light, it triggered the bursting of the housing bub- 
ble in the second half of 2007 and caused the worst 
financial crisis and global downturn since the Great 
Depression of the 1930s. 

We now have several trillion dollars’ worth of 
subprime carbon assets owned by individuals, pen- 
sion funds, and other institutional investors in 
the form of companies whose value is artificially 
inflated by dishonest misrepresentations concern- 
ing the need to sharply curtail burning of carbon 
fuels in order to preserve a coherent civilization. 

Leaving aside the environmental conse- 
quences, the financial risk of this massive fraudu- 
lent treatment of the science of global warming— 
financed in large part by shareholder money 
deployed to produce misleading representations of 
global warming science—is extremely high. When 
the truth is widely known and the appropriate 
actions to curtail emissions have begun, the oiland 
coal “bubbles” are likely to burst. The longer we 
wait, the bigger those bubbles will grow, and the 
bigger the bursting will be. Those who suffer finan- 
cial harm will be put in a position not unlike the 
victims of Bernie Madoff, who trusted and relied 
on the information he gave them—to their ever- 
lasting regret. 

The companies that combined to form the GCC 
have continued to make record profits, and the 
executives who were in charge when the decep- 
tion was authorized have continued to receive large 
bonuses. (One of them received a compensation 
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package of $4.00 million in his final year as CEO.) 

In 2006, the Royal Society of London (the 
U.K.’s equivalent of the U.S. National Academy of 
Science) publicly asked ExxonMobil to stop mis- 
representing the science on global warming and 
expressed “disappointment at the inaccurate and 
misleading view of the science of climate change” 
that the company continued to put before the 
public. The Royal Society also provided an analy- 
sis showing that ExxonMobil was giving mil- 
lions of dollars to 39 groups “which misinformed 
the public about climate change. ...” Last year, 


company’s own published report. 

While the United States has been the primary 
target of this propaganda campaign, it is far from 
the only target. Throughout the world, the contrar- 
ian views of deniers who question the scientific 
consensus on global warming are given prominent 
display on a regular basis. News articles, columns, 
editorials, television documentaries, and adver- 
tisements have been appearing with regularity in 
almost every country that might have a role to play 
in forming a global consensus. And again, because 
the science of global warming has been relatively 


ExxonMobil was giving millions of 
dollars to 39 groups “which misinformed 
the public about climate change...” 


finally, the company was pressured to take action 
and announced that it would “discontinue contri- 
butions to several public-policy research groups 
whose position on climate change could divert 
attention from the important discussion” on how 
to produce energy without contributing to global 
warming. However, a scholar at the London School 
of Economics found in 2009 that notwithstanding 
ExxonMobil’s pledge, it has continued this practice. 
“If the world’s largest oil company wants to fund 
climate change denial then it should be up-front 
about it, and not tell people it has stopped,” the 
scholar, Bob Ward, said. While ExxonMobil did cut 
funding to nine such disinformation outlets, it con- 
tinued to fund more than two dozen other institu- 
tions engaged in climate denial, according to the 


unfamiliar to most people and is more challenging 
to absorb than the information surrounding most 
issues, the deniers have had a very big impact in 
frustrating and delaying the world’s efforts to 
reduce deadly pollution. 

Ironically, the decline of newspapers has been 
accompanied by the emergence of new forms of 
media—especially on the Internet—that have 
helped to reinvigorate the political forces pushing 
for action against global warming. 

Throughout the world, new grassroots orga- 
nizations are using the World Wide Web to com- 
municate the truth about the climate crisis and to 
organize in support of action to solve it before 
it’s too late. In the United States, I founded one 
such organization—the Alliance for Climate 


THE ALLIANCE FOR CLIMATE PROTECTION 
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Repower America’s campaigns include TV spots that point out the benefits of a new energy plan and encourage citizen action. 
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The Alliance for Climate Protection, founded in 2006, is 
a nonprofit organization dedicated to changing the way 
people think about the climate crisis and catalyzing 
the solution. 

Through its campaigns, the Alliance's message 
is that we can solve the climate crisis. But we have to 
engage the public and shift public opinion. 

The Alliance attempts to depoliticize the climate 
crisis. It is led by a board of directors evenly balanced 
between Democrats and Republicans and works to 
build a broad base of support in finding solutions to cli- 
mate change. 

Based on my experience, | strongly believe that 
political leaders in both parties will continue to be 
timid in their approach to reducing global warming pol- 
lution until there is a genuine base of strong support 
for transforming the way we produce energy and tak- 
ing the other steps that are necessary. All of the work of 
the Alliance is aimed at spreading the truth about the 


@ 
choice we now have tomake. : 

The Alliance has organized a nationwide, grass- 
roots, community-based, nonpartisan effort to mobi- 
lize support for these changes. Through different media, - 
including television, radio, newspaper and magazine 
advertisements, emails, Internet campaigns, and live 
concerts, the Alliance provides information to the 
public to support solutions. Its major projects include 
Repower America (repoweramerica.org), We Can Solve It 
(wecansolveit.org), and This Is Reality (thisisreality.org). 
The Alliance also sponsored the Solutions Summits that 
brought together an extraordinary number of experts 
on 82 topics related to solutions to the climate crisis. 

| have donated 100 percent of my earnings from 
An Inconvenient Truth—the movie and the book—to 
the Alliance. All of my earnings from this bookarealso | 
going to the Alliance. 

The Alliance’s website is climateprotect.org. 
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Protection—which has presented television, radio, 
Internet, newspaper, and magazine advertisements 
aimed at building a critical mass of support for 
action against global warming. It has also mobi- 
lized more than two million people to work in their 
communities and within the framework of our 
national political system to encourage the adop- 
tion of speedy solutions to the climate crisis. Along 
with others, we focused during the 2008 presiden- 
tial campaign on getting the candidates in both 
major parties to adopt positions in favor of taking 
action. Both major-party nominees, Barack Obama 
and John McCain, endorsed the adoption of new 
national laws to cap and reduce the emissions of 
global warming pollution. 

The lesson we should take from looking at the 
way carbon polluters hijacked the political pro- 
cess on global warming is that grassroots activ- 
ism is essential to building a base of support strong 
enough to overcome well-funded opposition. That 
is the political task at hand for anyone who wants to 
be part of the solution to the climate crisis. It is also 
important to hold self-interested corporate deniers 
of global warming accountable for any continua- 
tion of their efforts to intentionally undermine 
the integrity of the scientific process on which the 
world must be able to depend in order to solve the 
crisis. In addition, news media executives must 
adopt higher standards to insulate the integrity of 
their reporting from this determined and ongoing 
effort by large polluters to corrupt their mission. 


PROTESTERS OUTSIDE AN EXXONMOBIL 
SHAREHOLDERS MEETING, MAY 2006 
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CHAPTER SEVENTEEN 


HE POWER OF 


INFORMATION 
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THIS VISUALIZATION OF THE INTERNET MAPS 
THE LOCATIONS OF AND CONNECTIONS AMONG 
THE MILLIONS OF NETWORKS THAT MAKE UP THE 
EARTH’S DIGITAL INFRASTRUCTURE. 


The invention of modern computers, integrated circuits, and the Internet during 
the second half of the 20th century set the stage for a profound transformation 
in the role played by information technology in virtually every aspect of human 
civilization. This Information Revolution and the continuing rapid development 


of increasingly powerful information technologies have created new possibilities 


and new tools for solving the climate crisis. 


Our ability as human beings to use information in order to make sophisticated 


mental models of the world around us is arguably the one capacity that most dis- 


tinguishes us from all other living creatures. Now that we are faced with the 


unprecedented challenge of rapidly improving our understanding of the earth’s 


ecological system and our place in it, it is time to focus on how we can make the 


fullest and most creative use of information technology to help us: 


> Visualize the true nature of the climate crisis. 
>» Model the impact of current and future eco- 
nomic activity on the climate. 

>» Evaluate the potential solutions. 

>» Redesign our processes, technologies, and 
systems to reduce and eliminate global warming 
pollution. 

» Mobilize widespread support for the transfor- 
mation of civilization. 

> Assist and support decision makers in their 
choice of new policies, laws, and treaties. 

» Monitor our progress toward a solution. 

First and foremost, the ability to visualize 
the true nature of the climate crisis is essential to 
developing a widely shared understanding of the 
task we now face. 

Because of the way the human brain works, we 
have a limited ability to absorb data sequentially, 
bit by bit. In computer terms, we could be said 
to have a “low bit rate.” In the 1940s, after much 
research, the U.S. telephone industry determined 


that seven numbers were the most that could be 
remembered easily by the average person. (And 
then they added four.) But an infant at the age of 
only a few weeks can recognize faces more accu- 
rately than the most powerful computers—until 
the last few years. Again, in computer terms, we 
have “high resolution.” Luckily, advanced comput- 
ers have an unparalleled capacity for integrating 
very large amounts of data into recognizable visual 
patterns that allow the human brain to compre- 
hend the meaning of billions of bits of data 
simultaneously. 

We recognized the face of our planet for the 
first time when the first picture of Earth taken by 
a person was snapped by astronaut Bill Anders on 
December 24, 1968, during the Apollo 8 mission— 
the first to leave Earth’s orbit and travel around the 
Moon. That famous image of our world rising above 
the Moon’s horizon, known as “Earthrise,” brought 
about a powerful change in our shared under- 
standing that we live on a beautiful, vulnerable 


“EARTHRISE,” TAKEN DECEMBER 24, 1968, 
DURING THE APOLLO 8 MISSION. 
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blue sphere surrounded by the black vastness of 
space. The power of that image led to the first Earth 
Day, the passage of major environmental laws, the 
first global conference on the ecosphere, and the 
modern environmental movement. It has now been 
almost 40 years since the last picture of the earth 
was taken by a person far enough away to see the 
entire planet, during the last of the Apollo missions, 
Apollo 17. 

Imagine what it would be like to have a live, 
high-quality color television image of Earth rotat- 
ing in space, 24 hours a day. Imagine that the 
satellite carrying that television camera could 
somehow hover a million miles from the earth 


because so much of the incoming solar energy is 
absorbed by the oceans and is only slowly released 
into the atmosphere. Scientists studying global 
warming have long felt that the single most impor- 
tant stream of information needed to improve 

our understanding of the climate crisis was infor- 
mation about the difference between the energy 
coming into the earth’s atmosphere compared with 
the energy going out again. 

Imagine if the same satellite could calibrate and 
coordinate many of the other measurements made 
by satellites moving quickly in low earth orbit 
around our planet, and help us integrate all of that 
data in new ways. 


Imagine what it would be like to have a 


live, high-quality color television image of 
the earth rotating in space, 24 hours a day. 


directly between our planet and the sun, so that 
the full face of the earth was always illuminated. 

Imagine if scientists could put special instru- 
ments on the same satellite that would measure, 
for the first time, the exact amount of energy com- 
ing to the earth from the sun and compare it in real 
time to the amount of energy radiated back into 
space from the earth itself. 

The reason those two measurements are 
crucial is that the difference equals a precise cal- 
culation of global warming. The increasing tem- 
perature in the atmosphere of the earth is only an 
indirect measurement of the underlying problem, 


The U.S. National Academy of Sciences 
(NAS) concluded a decade ago that we should 
build and launch such a satellite to a special orbit 
around the sun at a point in space known as the 
Lagrangian 1 (L1) point, where the gravity of the 
earth and the gravity of the sun are precisely 
balanced so that a satellite put there always stays 
exactly between the earth and the sun, providing a 
stable platform for continuous Earth observations 
of the planet as a whole. As a result of the NAS 
study, the U.S. Congress agreed and approved 
$250 million to build the satellite and launch it 
in 2001. 
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During the time when it was built, experts 
at the National Oceanic and Atmospheric 
Administration (NOAA) were deciding how to 
replace an older satellite that was already at the 
L1 point warning engineers about large solar storms 
that can disrupt cellular telephone communica- 
tions, electricity distribution equipment, and other 
electronic equipment sensitive to large solar flares. 
From the L1 point, the light from these solar flares 
is visible 90 minutes before the plasma from the 
storm hits the planet. That’s enough warning time 
to harden the sensitive electronic equipment and 
avoid expensive outages and repairs. 

Since the older early warning satellite (called 
the Advanced Composition Explorer) was about 


DSGOVR’S VIEW OF THE EARTH 


to wear out, NOAA decided to put the replacement 
for it onto the satellite intended to measure global 
warming and provide a constant full color picture of 
the earth. 

We still haven’t seen that live TV image of 
the earth. The old satellite has not been replaced, 
because the Bush-Cheney administration can- 
celed the launch within days of taking office after 
the inauguration on January 20, 2001, and forced 
NASA to put the satellite in storage. It is still there, 
nine years later, waiting to be launched. As a result, 
the older warning satellite could stop working at 
any moment; it is already two years past its pre- 
dicted lifetime. 

One ofits key instruments is already dead; 


Current Earth-observing satellites are limited spatially and temporally. For example, low earth orbit (LEO) satellites are 


restricted by time of day and can take snapshots of only a sliver of the earth at high resolution (below left). The DSCOVR 


satellite, using three types of measuring instruments, can integrate its data with that of other satellites to create the only 


high-resolution, full-sphere view of the earth, 24 hours a day, providing the energy balance of the earth—for the first time. 


The composite at right shows the whole-Earth view of ozone levels that would be made possible by DSCOVR’s instruments. 
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DSCOVR HIGH-RESOLUTION DATA FROM SUNRISE TO SUNSET 
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TRIANA, OR THE DEEP SPACE CLIMATE OBSERVATORY (DSCOVR) 


In 1998, NASA proposed launching the satellite Triana into space to deliver high-resolution images of the entire earth 
24 hours a day. In 2000, the spacecraft was approved by Congress and scheduled for launch in 2001. Political resistance 
from the new administration and delaying tactics have kept the satellite—renamed DSCOVR (Deep Space Climate 
Observatory) in 2003—grounded and in storage, even though it has already been paid for by taxpayers. 

Positioned at a unique point between the earth’s orbit and the sun—the Lagrangian 1 point (L1), where the satellite 
remains directly between the earth and the sun at all times—the satellite will continually provide pole-to-pole images 
of the sunlit side of the earth, a viewpoint not possible from low earth orbit (LEO) or geosynchronous earth orbit 
(GEO) satellites. . . 

DSCOVR is outfitted with a television camera and three instruments: EPIC (Earth Polychromatic Imaging Camera), 
a10-channel spectroradiometer that provides color pictures; a three-channel radiometer that measures, among other 
things, albedo and ozone; and a plasma-magnetometer that measures magnetic fields and solar wind. Information from 
these three devices would be integrated with data from other satellites to provide a synoptic (simultaneous over-the-globe) 


view Of the earth. These images would become an invaluable resource for remote sensing and climate modeling. 
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A CHANGING VIEW OF OUR CO? EMISSIONS 


The Vulcan Project offers a newly detailed view of U.S. CO; emissions, giving researchers high-resolution visualizations of 


exactly how much CO, is coming from each location. The project is being expanded to cover all nations. 


another now routinely fails during peaks of solar 
flares, when it is needed most. Several important 
global industries are at risk of being exposed to 
heavy losses by damage from solar flares. 

President Obama and the leadership of the 
Congress, particularly senators Barbara Mikulski 
and Bill Nelson, have announced that they are in 
favor of launching this satellite, which used to be 
named Triana (after Rodrigo de Triana, the look- 
out on Columbus’s flagship who first saw the New 
World on October 12, 14.92). It was changed under 
the Bush administration to DSCOVR (Deep Space 
Climate Observatory) by advocates who hoped that 
a new name would lead the Bush administration to 


feel some ownership of the project. Congressional 
opponents and bureaucrats inside NASA who want 
to use the money for other purposes have thus 
far paralyzed the efforts of the president and the 
Congressional leadership to follow through. 

It’s already built and paid for by the taxpayers. 
All the instruments work. The scientific team 
assembled a decade ago, before President Bush 
canceled its launch, has remained in place, vol- 
unteering their time under the able leadership 
of Dr. Francisco Valero of Scripps Institution of 
Oceanography. As NASA would say, all systems are 
go—except for the political system. Opponents of 
any action to solve the climate crisis have helped 
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to block the launch, partly because they know how 


powerful the constant image of a beautiful rotating 


Earth on television and computer screens all over 
the world, in real time, would be in building sup- 
port for the urgent solutions to the climate crisis. 
Of course, computers can help us to visualize 
some aspects of the climate crisis even without 
the advantage of a sophisticated satellite at the 
L1 point. Google Earth, for example, organizes vast 
amounts of data geospatially in ways that make it 
easy to find detailed information about geography, 


buildings are located. There are literally thousands 
of similar examples. 

The ability of advanced computers to integrate, 
process, and display complex data sets is bringing 
about a dramatic change in our capacity to under- 
stand phenomena that we could never have hoped 
to grasp in the past. The fastest and most powerful 
computers can sift through vast quantities of data, 
searching for the needles in the haystacks that are 
directly relevant to the questions of interest to us. 
They can form these data into patterns that are far 


Far more information about the earth 


is collected in secret compared with 


the amount collected in the open by 


Selemrcrs. 


botany, zoology, road networks, population, indus- 
try, agriculture, and many other facts that are spe- 


cifically relevant to every location on the surface of 


the earth. 

Anew project developed by a team led by 
Dr. Kevin Gurney at Purdue University, named 
Vulcan (after the Roman god of fire), now makes 
it possible to visualize the amount of CO, emis- 
sions from any location in North America—and 
soon from everywhere in the world. Another new 
computer tool developed by the same Purdue 
team, Hestia (named after the Greek goddess of 
the hearth), makes it possible to see a thermal map 
of buildings, from which communities can gain a 
clear understanding of where the most inefficient 


more accessible to our brains than endless bits of 
information strung together sequentially. They can 
artificially alter the scale and speed of the world 

to make images too large or too small for our com- 
prehension just the right size for us to understand. 
Processes that are extremely slow can be sped up 
for our inspection, and processes that occur natu- 
rally in the blink of an eye can be slowed down for 
our convenient analysis. 

Supercomputers are now used as tools for 
developing new designs for renewable energy 
technologies and advanced efficiency devices. For 
example, computational biology is now central to 
the exploration of new enzymes useful in process- 
ing cellulose; new, more efficient light-emitting 
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In July 2009, the U.S. released more than 1,000 previously secret satellite photos of the Arctic through the MEDEA program. 


The new images have a resolution of about one meter—at least 15 times more detailed than earlier images—and provide 


invaluable new information to climate researchers. This pair of satellite images reveals the dramatic variability of sea-ice 
breakup near Point Barrow, Alaska, in July 2006 (left) and July 2007 (right). 


diodes; exotic solid-state cooling devices; new, 
more effective algae and other organisms 
for the production of biofuels; and new genera- 
tions of photovoltaic cells and associated optics. 
The largest and most powerful of these 
machines have led to the emergence of a 
completely new form of knowledge creation. In 
addition to deductive reasoning (formulate a 
theory and test it against the real world to see how 
it fits) and inductive reasoning (collect empirical 
facts and then try to integrate them into an 
overarching explanation), we now have a new 
approach that blends aspects of the first two. 
Computational science can create simulated 
realities—or “models”—within which experi- 
ments can be conducted. Although some scientific 
purists point out that computational science is 
conducted in ways that still sometimes fall short 
of the rigorous requirements of the traditional 
scientific method, the sheer power of this new 


knowledge creation tool is extremely impressive. 

The Central Intelligence Agency, when it 
was headed by Robert Gates (nowthe U.S. 
Secretary of Defense) under the first President 
Bush, approveda plan called MEDEA to enable 
environmental scientists to gain carefully con- 
trolled access to top-secret information relevant 
to the environment, collected by spy satellites 
and other secret information-gathering systems 
managed by the intelligence community for use 
in better understanding the climate crisis. This 
information is especially valuable because there 
is so much ofit. Far more information about 
the earth is collected in secret than the amount 
collected in the open by scientists. 

There are many examples of how the MEDEA 
program has revolutionized scientific understand- 
ings in a number of fields. When environmental 
scientists first gained access to this formerly secret 
trove of information, they were overwhelmed by 
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the sheer volume of data. For example, the first 
measurements of ice cover on the North Polar ice 
cap came from MEDEA. And when scientists study- 
ing whales first gained access to the previously 
secret arrays of microphones placed on the bottom 
of the Atlantic Ocean to monitor submarines of the 
former Soviet Union, they collected more acous- 
tic data on blue whales in one day than were con- 
tained in the entire previously published scientific 
literature. One scientist, Chris Clark, refers to this 
system as “the acoustic Hubble Telescope.” 

The Bush-Cheney administration also can- 
celed this program, but the Obama administration 
has brought it back to life under the leadership of 
CIA Director Leon Panetta and Senate Intelligence 
Committee Chairman Dianne Feinstein. 

The extraordinary information collected 
and processed by the MEDEA program will be 
invaluable to the intelligence community in mon- 
itoring and verifying a global climate agreement. 
Information that was once considered impossible 
to collect—such as data on tree cover and the 


carbon content of soils around the world, and 


whether they are increasing or decreasing in par- 
ticular locations—can now be collected through a 
combination of new information sensors and auto- 
matic data transmitters linked to satellite systems. 

Computers can also help us make sense of more 
mundane but still relevant streams of data that are 
now often lumped together in ways that obscure 
our understanding. For example, the Google 
PowerMeter allows homeowners and business own- 
ers to monitor their electricity usage in real time. 
As smart meters are added to the distribution net- 
work, it will be possible to monitor the electricity 
usage of each appliance, television set, hot water 
heater, and light fixture. There are numerous simi- 
lar applications and projects in development. All of 
them hold the promise of validating the old dictum 
“You manage what you measure.” 

Perhaps the most powerful application of infor- 
mation technology in actually reducing emissions 
of global warming pollution will come with the use 
of cheap semiconductors and “embedded systems” 
in machinery and in every aspect of industrial 
processes to eliminate wasteful energy use by 
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The new generation of smart meters being installed in the U.S. and abroad can communicate power usage in real time. Tools like 


Google PowerMeter (right) will let customers see that usage; research has shown that when people see their usage, they reduce it. 
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optimizing energy efficiency. For example, indus- 
trial motors ofall sizes often run at a constant rate 
even if the workload fluctuates; by constantly 
adjusting the engine rpms to the actual workload 

# inreal time, these devices can save large amounts 

+ of energy that would otherwise be wasted. The 
interactions between industrial pumps and their 
associated piping systems can also be automatically 
managed with such sensors to optimize fluid han- 
dling and minimize the energy needed. 

Industrial process automation is not new, of 
course. Numerically controlled machines were 
first used during the 1950s when they were pro- 
grammed with narrow paper tapes punched 

with regularly spaced holes. Then, in 1962, M.LT. 
announced a dramatic improvement in the tech- 
nology known as Automatically Programmed 
Tools. The APT— a “universal Numerical Control 
programming language”—allowed much more 
flexibility in programming and much greater 
linkage between different machines and stages in 
the manufacturing process. The development of 
CAD/CAM software (computer-aided design/ 
computer-aided manufacture) led to the efficient 
connection between programs used for the design 
of products and the computers controlling the 

| machinery that manufacture the same products 
from the output of the design computers. Now, the 
vast majority of new machine tools incorporate 
some version of a seamless integration between 
design and manufacturing. 

As successive generations of software become 
more sophisticated, market leaders are integrating 
energy efficiency into the information technology 
that they use. By some measures, the volume 

of information flow on the Internet between 
machines and embedded systems now far exceeds 
the flow of information between human beings. 
Gradually, the use of information technology 
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to eliminate inefficient energy use and unnecessary 
global warming pollution is extending throughout 
industrial and business processes to encompass 
management of the supply chain and product deliv- 
ery as well. For example, in the United States in 
2007, approximately 25 percent ofall business 
truck trips were made while the trucks were empty. 
By using information technology, some businesses 
are coordinating the movement of their truck fleets 
to take advantage of this unused delivery capacity 
in order to maximize efficiency, cut costs, and 
reduce CO, emissions in a cooperative manner. 
UPS has saved on fuel costs for its delivery trucks by 
remapping routes to eliminate as many left 

turns as possible—thus cutting down on wasteful 
idling at traffic lights while drivers wait for an 
opportunity to cut in front of the traffic flowing 


in the other direction. 

Similarly, automatic light sensors measuring 
the real-time illumination from natural lighting can 
adjust the output of electric lights to save electric- 
ity during the hours when they need not be at full 
brightness, or need not be used at all. Heating, ven- 
tilation, and air-conditioning systems can be linked 
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of outside air coming through windows that actu- 
ally open when outdoor temperatures make natural 
ventilation more appropriate and efficient during 
some hours of each day. Sensors can also alert build- 
ing owners to gaps in insulation and leaks in duct- 
work hidden behind walls. 

Much larger savings are being made by compa- 
nies that utilize computer-aided analyses to rede- 
sign larger integrated processes in their entirety. 
“Whole system” redesign often leads to signifi- 
cant breakthroughs that eliminate unnecessary ) 
pollution and wasted energy and time. My favorite 
example is what happened when the leadership of 
Northern Telecom made a commitment in the late 
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1980s to be the first company to completely elim- 
inate the use of harmful chlorofluorocarbons. As 
a Canadian company, Northern Telecom was alert 
to the significance of the 1987 Montreal Protocol, 
which mandated the phaseout of these chemicals. 
Since Northern Telecom used CFC-113 solvents to 
clean circuit boards, the company’s engineers and 
scientists searched for appropriate substitutes. 
When they found none that fit their requirements, 
one of their engineers finally reframed the ques- 
tion: “How do these circuit boards get dirty in the 
first place?” 

This conceptual breakthrough led toa redesign 
of the entire process to eliminate the exposure of 
the newly manufactured circuit boards to the con- 


taminants that had to be removed at the end of the 
process. The resulting “no clean” process led to bet- 
ter and less costly circuit boards, while eliminat- 
ing the chemicals that were simultaneously among 
the culprits that damaged the earth’s stratospheric 
ozone layer and contributed powerfully to global 
warming. Then, Northern Telecom went one step 
further and shared its breakthrough with the rest 
of the industry, thus accelerating the phaseout of 
these chemicals by its competitors as well. 

The company beat the phaseout deadline by an 
astonishing nine years and made money by doing 
so. The $1 million it invested in developing the new 
process earned it almost $4 million within the first 
three years. And the extra profits have continued to 
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roll in every year since in the form of reduced man- 
ufacturing costs due to the elimination of a costly 
step in the process they used to use. Moreover, I 
saw firsthand the pride felt by Northern Telecom 
employees that they had joined together in a col- 
laborative process aimed at a goal larger than simply 
adding to corporate profits—and the joy they felt 
when their commitment to doing the right thing 
and providing leadership for the entire industry 
ended up boosting their profits as well. 

New service providers are now emerging to 
offer businesses software solutions for the task 
of redesigning all their processes to save money 
and emissions. One such company, Hara, uses the 
metaphor of “organizational metabolism,” which 
encompasses a whole-system analysis of how 
energy and emissions can be minimized by mak- 
ing every function of the business more efficient 
as raw materials, energy, and labor are “metabo- 
lized” inside the company into products or services, 
waste, wages, and profits. 

In many cases, the redesign of systems, pro- 
cesses, and products leads to the reduction of raw 
materials consumption through the substitution 
of innovation for matter. In the U.S. economy as a 
whole, the last half century has seen a tripling of 
total output in terms of the value of products man- 
ufactured and sold—without any increase in the 
total tonnage of that output. This effect, known as 
“dematerialization,” is partly due to the increased 
prominence of information as a percentage of what 
is sold, but it is due also in significant measure to 
the clever and efficient redesign of products in ways 
that improve quality while reducing the physical 
matter used in the products. 

Even as they begin to empower other industries 
and organizations with new tools for solving the 
climate crisis, information technology companies 
are faced with reducing their own global warming 


pollution. Today, information technology emis- 
sions of global warming pollution, principally CO,, 
have risen to approximately 2 percent of global 
emissions. And over the next 10 years, IT emissions 
are expected to almost double. As a result, industry 
leaders are taking steps to redesign and reengineer 
their systems in an effort to become much more 
efficient and sharply reduce pollution. 

Data centers, for example, consume large 
amounts of electricity. The growth of servers 
connected to the Internet occurred so quickly 
that it led to serious inefficiencies that are now 
being systematically addressed by many compa- 
nies. Computers, printers, and other IT devices 
and equipment are all coming under closer scru- 
tiny in the search for ways to cut energy costs and 
reduce emissions. The growth in online traffic, par- 
ticularly Internet video, along with data storage 
requirements and disaster recovery needs, is com- 
bining with other factors to further accelerate the 
growth in data centers and the equipment that fills 
them. For example, the number of servers in the 
United States has tripled during the past 10 years. 
By installing more energy-efficient equipment, 
consolidating and rationalizing assets, making 
more use of “virtual servers,” and optimizing power 
usage and cooling requirements, the IT industry 
is beginning to take responsibility for reducing its 
contribution to global warming. 

The use of increasingly sophisticated informa- 
tion technology to cut global warming pollution in 
business and industry is also leading to increased 
awareness of inefficiencies that result from out- 
dated laws and regulations. For example, the federal 
regulatory framework governing milk production 
and distribution makes it more profitable for dairies 
to transport milk and milk products thousands of 
miles to distributors on the other side of the country 
than to sell the same products in the regions where 
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they are produced. This absurd, costly, and wasteful 
pattern continues only because the federal regula- 
tory framework governing milk production and 
distribution mandates wastefulness. 

In other forms of agricultural production, the 
combination of ground-based sensors and satellite 
systems are empowering farmers to adopt much 
more efficient approaches known as “precision 
farming” that optimize fertilizer mixes and applica- 
tions to variations in soil types in different parts of 
the same fields. 

Many businesses that begin the process of 
analyzing and reducing their CO, emissions dis- 
cover early on that employee travel to and from 
meetings in other cities is one of their largest 
sources of avoidable CO, emissions. As a result, 
there has been a dramatic increase in telecom- 
muting and the developing of more sophisticated 
tools, like Cisco’s TelePresence, that simulate 
face-to-face conversations so well that much 
travel becomes unnecessary. 

Transportation costs in the wider society are 
also being reduced in some cities throughout the 
world by the use of electronic toll-collection sys- 
tems, which eliminate wasteful queuing at toll- 
booths; dynamic road signaling, which reduces 
traffic congestion and idling time; and congestion 
charges that more accurately allocate road use. 
Similarly, the growing use of radio-frequency iden- 
tification (RFID) on products that travel through 
the wholesale and retail distribution chain is mak- 
ing inventory management far more efficient. 

Privacy advocates have raised alarms about 
the inappropriate use, and inadvertent conse- 
quences, of ubiquitous object tracking to iden- 
tify the real-time location of individuals who 
may not want their every move followed. Other 
privacy consequences of the new intensity of 
information technology throughout the economy 


deserve continuing scrutiny. 

In addition, the growing importance of IT in 
the economy further underscores the need for 
equal access to computers and other important 
information tools for lower-income individuals 
and families. Just as telephones were once consid- 
ered optional but then became essential for 
full and equal participation in modern society, 
computers are now approaching the threshold of 
indispensability. 

Inevitably, the growing use of information 
technology in all sectors of the economy is produc- 
ing losers as well as winners. Older business 
models created in a different information environ- 
ment may no longer be competitive. Newspapers 
and magazines, for example, are now struggling in 
most parts of the world as digital electronic forms 
of communication become far more efficient. 

As the information revolution continues to gain 
momentum, similarly revolutionary transforma- 
tions are taking place in many sectors of business 
and industry. 

The newspaper example illustrates some of the 
risks that accompany the benefits of these transfor- 
mations. Prior to facing such daunting electronic 
competition, newspapers earned revenue streams 
that allowed the employment of experienced jour- 
nalists who could take a lot of time to investigate, 
analyze, and thoroughly report complex stories 
that regularly connected the public to valuable 
information about the operations of government 
and the functioning of societal institutions. 

Indeed, during these early stages of the devel- 
opment of Internet-based journalism, the bulk of 
higher-quality stories still originates with news- 
papers. With newspaper revenues hemorrhaging, 
it is still not clear that electronic journalism will, 
on its own, discover a new standard model that 
generates sufficient revenue to rebuild a comparable 


Hurricane Katrina: 
August 29, 2005 


\ 


DIGITAL PRESENTATION SOFTWARE MADE MY 
GLOBAL WARMING PRESENTATION BETTER, 
EASIER TO UPDATE, AND MORE EFFECTIVE. 


cadre of experienced investigative journalists 
with enough time and resources to do the job 
formerly done by newspapers. Current TV, a cable 
and satellite news and information network that 
I co-founded with Joel Hyatt in 2002, along with 
its companion online network, Current.com, is 
devoting considerable resources to support a grow- 
ing team of investigative journalists. This team, 
called Vanguard, travels the world reporting in- 
depth investigative stories that are then distributed 
electronically on Current TV and Current.com. 
Even though investigative journalism is still 
rare in the new media environment, the new infor- 
mation technologies based on the Internet are con- 
necting people to one another and to vast pools of 
information relevant to any societal challenge with 


which they wish to engage. Ultimately, the solu- 
tions to the climate crisis will necessitate much 
broader public engagement in the political process, 
ofa kind that social networks and other Internet 
tools can make possible. 

This book, for example, is being published with 
a companion website, ourchoicethebook.com, that 
includes a Solutions Wiki—a moderated forum for 
the constant improvement and elaboration of the 
suggested solutions for the climate crisis contained 
in the book. Many of the expert reviewers who have 
participated in the Solutions Summits that were 
so helpful in my efforts to identify the most effec- 
tive ways to solve the climate crisis have agreed to 
help moderate ongoing discussions of new ideas, 
technologies, processes, and innovations that can 
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be used to speed up the needed reductions in global 
warming pollution worldwide, the more rapid 
sequestration of pollutants already in the atmo- 
sphere, and the redesign of systems and processes 
that can accelerate the emergence of a low-carbon 
global civilization. 

Internet-based tools also hold great promise for 
the reinvigoration of democratic self-governance 
and the mobilization of people at the grassroots 
level who want to be a part of the urgent task of 
solving the climate crisis. In my own experience, I 
remember what a difference it made when I trans- 
ferred my slideshow about the crisis from film- 
based slides in Kodak carousels to computer graph- 
ics. The ease with which I could integrate new 
images and new scientific findings was dramati- 
cally improved, and soon after that transition, I 
began to notice a big change in the overall quality 
and effectiveness of the presentation. 

Ihave now trained more than 3,000 people in 
dozens of countries to give updated slideshows on 
a continuing basis in the areas where they live. The 
Climate Project, managed by Jenny Clad, maintains 
communication with these presenters around the 
world primarily by means of the Internet and is able 
to share newslides with the appropriate explana- 
tions and caveats on a regular basis. 

The Alliance for Climate Protection, managed 
by Maggie Fox, maintains contact weekly on the 
Internet with more than 1.2 million members in an 
effort to distribute high-quality information about 
the unfolding of this crisis and the political steps 
necessary to motivate policy makers to adopt the 
needed solutions. 

Paul Hawken, author of Blessed Unrest, has 
found that more than “one—and maybe even 
two—million organizations working toward eco- 
logical sustainability and social justice” devoted 
to addressing the multiple challenges facing the 


earth’s ecosystem have already been formed around 
the world—representing what he calls, “the largest 
social movement in all of human history.” It is hard 
to imagine that this would have been possible with- 
out the new Internet-based tools that most of these 
groups rely on. 

Sometimes, information can bring about 
change by itself, even in the absence of laws and 
regulations. For example, the relatively new legal 
requirement for the display of nutritional informa- 
tion on food labels (in the United States and some 
other countries) has put pressure on food manu- 
facturers to improve their nutritional content and 
eliminate unhealthy ingredients like trans fat. 

Similarly, after U.S. laws were modified to 
require the public disclosure of toxic air pollutants 
being released by industrial facilities, news- 
papers and electronic media in every city started 
listing the worst polluters. The public pressure that 
resulted from the disclosure of that information 
caused many companies to begin making changes 
in order to get off the worst-polluter list. Toxic 
emissions actually declined significantly, even in 
the absence ofa new legal mandate. The informa- 
tion itself, once known to the public, forced the 
reduction. But the information has to be displayed 
prominently enough to raise public awareness. 

This same principle applies to the display of 
information about wasteful energy use in homes 
and businesses. After California changed its laws 
to give utilities an incentive to reduce energy con- 
sumption (by allowing the utilities to share the 
savings along with their customers), Southern 
California Edison introduced to their customers 
a simple but compelling information display that 
sits inside the home: a glowing glass orb developed 
by Ambient Devices that changes color depending 
upon the amount of electricity consumption at 
any given time; when it turns bright red, that is 


SEEING ENERGY USE IN REAL TIME 
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Real-time energy-use monitors come in many shapes and types, including the glowing Ambient Orb (left) and more 


information-rich “smart meters” that display detailed cost and usage data. Both of these monitors change color to identify 


opportunities to save on energy costs. 


A number of experts have concluded that when it 
comes to energy, if we can see it, we will try to save it. 
That concept may soon apply to our homes in the form 
of real-time energy monitoring. 

With Google’s PowerMeter, a project in beta test- 
ing at this writing, customers with smart power meters 
are able to see the peaks and valleys of their own power 
use, letting them adjust their habits and homes accord- 
ingly. Real-time power usage is displayed via the Web; 
turn off an appliance and the drop in energy use is 
quickly visible. Microsoft and other companies are test- 
ing similar online programs. 

Smart meters visible inside the home—from por- 
table models (seen above) to wall-mounted units to 
Web-based tools—are also under rapid development. 
Displaying electricity and gas usage, such meters are 
set to be required equipment in the United Kingdom 
by 2020. 

The Ambient Orb offers similar feedback, though 
in amore physical design. The desktop sphere changes 
color based on changes in what it is monitoring. 


Originally designed to react to input such as stock 
market indexes, the device was modified by a manager 
at Southern California Edison (SCE) to react to input 
from his utility. The manager then distributed 120 of 
the orbs to Edison customers, who were told how its 
changing colors would alert them when peak-period 
energy rates went into or out of effect. With the orbs as 
prompts, the utility's customers quickly trimmed their 
peak-period energy use by a large amount: 40 percent. 
SCE estimates that by installing smart metering, its 
customers will reduce greenhouse gas emissions by at 
least 365,000 metric tons per year. 

Like the “Prius effect” —the easing off the gas 
pedal by drivers who see their fuel dip on the dash- 
board—smart meters link behavior to use. However, 
smart meter trials to date show that the real trigger is 
linking to a price cue. Customers in a smart meter pilot 
in California reduced their overall use 5 percent. Similar 
tests in Ireland and Illinois show energy savings of up to 
12 percent. 
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the signal that electricity consumption is at very 
high levels. This is a very effective way to alert 
homeowners and business owners to the level of 
energy consumption at any given time, and 
signals them that there is an opportunity in the 
present moment for them to save money by 
modifying consumption levels. 

Finally, information technology can be used 
in creative ways to assist and empower decision 
makers in governments, businesses, Civic orga- 
nizations, and other groups in their efforts to 
implement these solutions. When serving as 
vice president, [ undertook a challenge called 
Reinventing Government, which was aimed at 
redesigning the departments, agencies, and pro- 
cesses of the U.S. Government to make them far 
more efficient. I learned a great deal from innova- 
tors in private business and in state and local 
governments that had succeeded in similar tasks. 

One of the local government projects that 
most impressed me wasa police strategy in New 
York City innovated by Jack Maple, a former transit 
policeman. Maple discovered the value of comput- 
erized statistics utilized in a group setting where 
all relevant decision makers are able to easily visu- 
alize the patterns revealed by the statistics. The 
data is organized geospatially, precinct by precinct, 
and displayed on a large screen visible at the same 
time to all participants—who share responsibil- 
ity for quickly implementing solutions to the prob- 
lems that are identified. When William Bratton was 
named to head the New York Police Department, he 
institutionalized this approach and sharply reduced 
crime rates in almost every category. Since then, 
this approach—colloquially known as Compstat— 
has been adopted in many other cities. 

One of the most advanced systems has 
been developed by the police chief of Redlands, 
California, Jim Bueermann, who has now applied 


the CompStat technique to consolidate housing, 
recreation, and senior services into his police 
department and has enriched the process with 
ongoing social research in an effort to make his city 
a safer environment for children, seniors, and 
families. “We need to understand the nature and 
location of risk factors—in families, communities, 
schools, peer groups—and develop strategies to 
solve and prevent community problems. We are 
paid to get criminals, but our added value is found 
in the other, long-term approaches we are taking 
to make the community safer,” Bueermann said, 
adding, “Mapping risk and protective factors lets 
us put tax dollars, and the resources of our commu- 
nity partners, where there is a high concentration 
of risk factors and strategically leverage the com- 
munity’s investment in public safety and problem 
prevention.” 

I believe this is one of the best examples of 
how information technology, properly used, can 
assist decision makers in their efforts to solve 
the climate crisis. 

Heads of state, governors, other regional 
leaders, and mayors of cities and towns could 
benefit by developing computerized statistics on 
each of the major challenges they face and inte- 
grate them and display them visually for groups 
that include department heads and other stake- 
holders ina shared effort to discover what really 
works and what does not. The task confronting 
policy makers in the historic effort to solve the 
climate crisis will require the innovative use of 
every new tool available. 
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Like anyone, I sometimes wish that I could go back and change some of the mis- 
takes I made when I was younger. But none of us can travel backward in time to 


undo errors, no matter how clear their consequences make them over time. 

Yet all of us, by virtue of the moral imagination we possess, can often glimpse 
the future conceived in the choices we make together today, even before that 
future is born into the lives of those who will live with the consequences of what 


we do or fail to do in the present. 


Not too many years from now, a new generation will look back at us in this 


hour of choosing and ask one of two questions. Either they will ask, “What were 


you thinking? Didn’t you see the entire North Polar ice cap melting before your 


eyes? Didn’t you hear the warnings from the scientists? Were you distracted? Did 


you not care?” 


Or they will ask instead, “How did you find the moral courage to rise up and 


solve a crisis so many said was impossible to solve?” 


We must choose which of these questions we want to answer, and we must 


give our answer now—not in words but in actions. 


The answer to the first question—what were 
you thinking?—is almost too painful to write: 

“We argued among ourselves. We didn’t want 
to believe that it really was happening. We waited 
too long. We couldn’t imagine that it was even pos- 
sible for human beings to cause such profound 
changes on a planetary scale. We didn’t understand 
that so much could go so wrong so quickly. 

“Somehow, we lost confidence in our own abil- 
ity to reason together on the basis of the best evi- 
dence provided to us by our finest scientists. Even 
when the facts were already clear, we found it 
impossible to break free of the political paralysis 
induced in part by those who felt with passionate 
intensity that we should do nothing. 

“Change, after all, is difficult. Please try to 


understand that it is nearly impossible to make big 
changes quickly on a global scale. 

“We had so many other problems crying out for 
attention. We didn’t see how the solutions to those 
problems were connected to the very same changes 
we should have made to save the integrity of the 
earth’s ecosystem. I know this is of little comfort, 
but we did try. I’m sorry.” 

The second question—how did you solve it?— 
is the one I much prefer that we answer, and here is 
the answer I hope we can give: 

“The turning point came in 2009. The year 
began well, with the inauguration of a new presi- 
dent in the United States, who immediately shifted 
priorities to focus on building the foundation fora 
new low-carbon economy. The resistance to these 
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changes—especially by corporations that were 
making a lot of money from producing, selling, and 
burning coal, oil, and gas—was ferocious. There 
were times when I feared that we might not be 
capable of doing so much so quickly. 

“Our public debates were confusing to most 
for a while. Our political culture was distorted by 
the fact that only those with large sums of money 
could present their points of view over and over 
again on television—which, in the early days of the 
Internet, was the dominant medium of commu- 
nication. Advocates of the public interest—and of 
your future—were at a disadvantage. 

“But the truth about the global emergency 
gained ground. The evidence presented by the sci- 
entists accumulated, slowly at first, but then some- 
thing happened that is hard to describe. A few of 
the opponents of change changed themselves. One 
of them told me that his daughter asked him some 


questions he found difficult to answer in the same 
old way. 

“Whatever happened, it made a powerful dif- 
ference when these former opponents became pas- 
sionate advocates for taking a new direction. The 
momentum shifted. One by one, others joined in 
what became a powerful consensus that we had 
to act, boldly and quickly. At the end of 2009, two 
things happened to decisively turn the tide. First, 
| the United States of America passed legislation that 
| changed the way business and civic leaders made 
| plans for the future. 

“By putting a price on the pollution that had 
been previously ignored, the United States estab- 
| lished powerful incentives to begin the historic 
shift away from burning coal without trapping and 
f sequestering the CO, it contains. The new incen- 
| tives to shift our energy production from fossil fuels 
to solar, wind, and geothermal sources unleashed 
' a wave of improvements in those technologies 


Gos OUR CHOICE 


and others that avoided pollution. 

“We were pleasantly surprised that so many of 
the changes were not only inexpensive but actu- 
ally profitable. Many of our industries found ways 
to change wasteful practices and become more effi- 
cient. Farmers, ranchers, and large landowners 
began planting trees by the millions and changing 
the way crops were grown and animals were raised. 

“The new policies caused home owners and 
business owners to insulate their buildings and 
change their roofs, lights, and windows. Architects, 
developers, and construction companies began to 
design and build zero-carbon structures. It became 
a point of pride. We thought of you, but we took 
pride in what we were doing for ourselves. Slowly 
at first, then powerfully, a sense of shared purpose 
arose among us. It lifted us and encouraged us to 
make bigger changes in industry, agriculture, trans- 
portation, even the design of our cities. 

“Soon after the U.S. began to change, in 
December, all the nations of the world gathered in 
Copenhagen, Denmark, to negotiate a global treaty 
that many, even then, thought was impossible. But 
something happened there, too. It was only the 
beginning of the global change, and at the time, 
many felt that too little was done—just as many in 
the U.S. had felt the legislation passed on the eve 
of the treaty talks accomplished too little. But the 
new ground rules established in the treaty turned 
out to have had more power than we realized at the 
time. They shifted expectations, planning, think- 
ing, and then—again, slowly at first—behavior. 

“China, it turned out, had been quietly chang- 
ing on its own. India was slower to begin the 
change, but in 2009, the combination of the United 
States and China—then the two largest global 
warming polluters on the planet—made all the dif- 
ference. Europe, which was then in the early stages 
of its unification process, joined with Japan in 


supporting the U.S.-China proposal to place broad 
limits on emissions of CO, and the other five heat- 
trapping pollutants that were causing the crisis. 
Indeed, both Japan and Europe had provided crucial 
leadership for the world during the early years of 
the 21st century when the United States had abdi- 
cated its responsibility. 

“Brazil and Indonesia—the two biggest defor- 
esting nations—rallied the developing countries to 
join in an agreement that linked, for the first time, 
the reversal of deforestation in poor countries to 
the sharp reduction of industrial emissions in the 
wealthier countries. 

“All over the world, as awareness of the climate 
crisis grew, people concerned about you found 
ways to put pressure on their leaders. Hundreds 
of thousands, then millions of grassroots net- 
works emerged. Connecting with one another, 
largely online, these groups formed a powerful 
‘Grand Alliance’ of non-governmental organiza- 
tions (NGOs) that agreed to support acommon 
agenda for systemic transformation of agriculture, 
manufacturing, business, and commerce. The new 
incentives for reducing carbon unleashed flows of 
resources to finance tree planting, organic farm- 
ing, restoration of soil fertility, education reform— 
focusing on girls as well as boys—and new health 
care initiatives, with particular emphasis on child 
and maternal health care that lifted child survival 
rates and accelerated a shift worldwide toward 
smaller families. 

“The agreement in Copenhagen, though crit- 
icized at the time for the timidity of what was 
approved there, turned out to be only the first step. 
Soon afterward, the treaty was strengthened. And 
then it was strengthened again. We should have 
known, Isuppose, that this is the way it would hap- 
pen. Back in 1987, when the sudden appearance of 
a large hole in the stratospheric ozone layer above 


Antarctica alerted the world to the onset of the 
first crisis of the global atmosphere, the same thing 
happened. The first treaty, in Montreal, was also 
criticized as too weak. But then it was revisited in 
London shortly afterward and strengthened. Two 
years after that, in Copenhagen, ironically, the big 
changes were made. And finally, it worked! The 
stratospheric ozone layer, as you know, has almost 
fully recovered. As a result of what we did then, you 
no longer have to worry about that any more than 
you have to worry about global warming. 

“None of this was clear at the end of 2009. Even 


had suffered so much from war and division for 
thousands of years. 

“We should have also known that once we put 
our minds to it, we would succeed brilliantly at the 
development of new technologies that allowed 
much faster progress than anyone believed was 
possible in 2009. After all, it took the United States 
only eight years and two months to land men on 
the moon and return them safely—once we made 
up our minds to do it in 1961. 

“We in the United States had forgotten how 
good we were at policies supporting sustained inno- 


Although leadership came from many 
countries, once the United States finally 
awakened to its responsibilities, It 
reestablished the moral authority the 
world had come to expect from the U.S. 


as the change had already begun, the arguments 
continued. 

“Although leadership came from many coun- 
tries, once the United States finally awakened 
to its responsibilities, it reestablished the moral 
authority the world had come to expect from the 
U.S. during the 40 years after World War II. It’s 
worth remembering that no one could have imag- 
ined the success of the Marshall Plan, begun in 
1947, to establish the foundation for such amazing 
prosperity and lasting peace on a continent that 


vation in technology. We had done it before—lots 
of times. Our experience in building railroads coast 
to coast, a nationwide electric grid, the Interstate 
Highway System, the Manhattan Project, and the 
Internet turned out to be invaluable as we went to 
work to build a nationwide super grid that allowed 
the use of nearly unlimited amounts of electricity 
from solar, wind, and geothermal generators. 

“The automobile industry—which had appeared 
to be dying in the U.S. in early 2009—retooled 
with government help, refocused, and led the 
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historic conversion to electric cars powered by the 
newly available electricity from renewable, no- 
carbon sources. 

“Once the new direction was established, 
nations competed to develop better and cheaper 
technologies that accelerated the shift toward 
lower carbon emissions. Indeed, many of the new 
technologies you take for granted had their begin- 
nings in this powerful new surge of innovation that 
was unleashed by the Great Transformation that 
began in 2009. 

“And the entrepreneurial energy and innova- 
tive thinking that originated in parts of the devel- 
oping world that were once thought ofas hopeless 
made a bigger difference than any of us would have 
thought when the transformation began. 

“The most important change that made this 
transformation possible is something that is hard 
to describe in words. Our way of thinking changed. 
The earth itself began to occupy our thoughts. 
Somehow, it became no longer acceptable to partic- 
ipate in activities that harmed the integrity of the 
global environment. 

“Young people throughout the world led the 
way in this change in our thinking. Businesses that 
lagged behind lost customers and employees and 
then they, too, began to change. 

“The ability we gained in 2010 to see Earth from 
space all the time also played a role in subtly but 
powerfully raising our constant awareness that we 
all share the same home. Once the argument about 
whether the crisis was real was over, we shifted into 
high gear, and the change became unstoppable. 

“Once again, we should have known that we 
were capable of such changes in consciousness. 

But we had forgotten that earlier generations 
had ended slavery by first of all changing the way 
human beings thought about slavery. We had 
forgotten the days when the United States and 


the former Soviet Union had tens of thousands of 
nuclear warheads poised on the top of interconti- 
nental ballistic missiles, ready to be launched at one 
another on amoment’s notice. The dismantling of 
those horrific arsenals was preceded by a similarly 
powerful change in our thinking about the prospect 
of nuclear war. 

“I know that we waited too long. I wish we had 
acted sooner than we did. But the problems we 
left you, as difficult as they are, are nothing com- 
pared with what would have happened if the Great 
Transformation had not succeeded. The outlook for 
your future is now bright. The wounds we inflicted 
on the atmosphere and the earth’s ecological sys- 
tem are healing. In a few centuries, your descen- 
dants will thank you for staying this course when 
the healthy climate balance of our planet is fully 
restored. It might have been otherwise. 

“The establishment of an ongoing global dia- 
logue on the Internet focused on ever-more effec- 
tive solutions to each of the problems that needed 
to be solved in order to make the transformation 
was one of the keys to success. The new tools for 
evaluating the best solutions and then develop- 
ing and perfecting them cooperatively acceler- 
ated the progress far beyond what anyone believed 
was possible. Everyone, it seemed, was suddenly 
doing his or her part. And here, too, we should have 
known we were capable of coming together in sup- 
port of such an urgent cause. During World War II, 
our parents did much the same with victory gar- 
dens and recycling and a thousand other changes 
in routine behavior that they themselves would 
not have imagined possible before that war began. 
That cohesion and common purpose was what gave 
them the confidence after World War II to establish 
the United Nations, the global trading system—the 
global institutions that, for all their faults, avoided 
depressions of the kind that were common before 
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the latter half of the 20th century. 

“We actually feared, in the early months of 
2009, that another global depression might be in 
store for us after all. We also worried about war in 
the Middle East, partly because we were so depen- 
dent on oil—and most of the easily recoverable oil 
was concentrated in the Persian Gulf. The compe- 
tition to ensure access to what were already dwin- 
dling supplies was leading to tensions that might 
well have triggered yet another, larger war. 

“It seems ironic now that our commitment 
during the Great Transformation toa low-carbon 
economy was what restored economic prosperity 
and defused the tensions that gave rise to the fears 
of war. Once the world embarked on the journey to 
heal our world and save your future, tens of millions 
of new jobs—including whole new professions— 
began to emerge. The shift away from oil and coal 
lessened tensions in the Middle East. The new focus 
on reforestation and re-carbonization of the soil 
created millions more new jobs in developing coun- 
tries. The spread of photovoltaic panels and small 
windmills triggered the transformation of eco- 
nomic activity in poor countries. 

“The single biggest part of the solution to the 
crisis turned out to be the incredible changes in the 
efficiency with which we used energy. As soon as 
we secured a global agreement to put a price on the 
emissions of CO, and the other global warming pol- 
lutants, all of the business analyses of the future 
began to change. 

“When the Copenhagen agreement was tough- 
ened in subsequent agreements, everyone under- 
stood the direction in which we were moving and 
saw the advantages of moving more quickly than 
competitors. Since efficiency gains were the easi- 
est, most cost-effective, and most readily available 
options, there was a wholesale reexamination of 
business practices across the board. 


“The global citizens’ movement against 
corruption played an important role. We had not 
focused beforehand on how many of the mistakes 
we had made were actually driven by corrupt 
decision-making. Once that corruption began to be 
routinely exposed by citizen activists, a new ethic 
of public service emerged. 

“Tt turned out that the political system shared 
one thing in common with the climate system: it 
too is what the scientists describe as ‘nonlinear.’ It 
can appear to move only at a snail’s pace, but then it 
can cross a tipping point beyond which it suddenly 
moves with lightning speed. That’s what happened 
in the decade beginning in 2010. Once the change 
began, it picked up speed. As the momentum grew, 
it became unstoppable. Then, once we began to 
think as a global civilization, we started solving 
other problems far more effectively. 

“Young people brought incredible passion 
and commitment to meeting the challenge. Many 
who were in school when we decided to act were 
so inspired by the undertaking that they changed 
their courses of study to prepare for careers that 
allowed them to play meaningful roles in ensur- 
ing our success. Their idealism and seemingly inex- 
haustible energy was a renewable resource we had 
forgotten about. 

“Tt recalled for me what happened the day the 
first man landed on the moon in1969, when the 
systems engineers at Mission Control in Houston 
raised their arms and cheered with joy. Their average 
age that day was 26— which meant, of course, that 
when they first heard President John F. Kennedy’s 
challenge in 1961, their average age was 18. 

“In 2010, all over the world, an idealistic new 
generation took the initiative. They brought new 
ideas along with their passion, sharing both with 
one another. In nation after nation, they changed 
the political and cultural tone. They saw the world 
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with fresh eyes. For them, it was simply unthink- 
able that we would fail. Because of them, we didn’t. 

“With God as our witness, we made mistakes. 
But then, when hope seemed to fade, we lifted our 
eyes to the Heavens and saw what we had to do. 

“Task only one thing of you in return for what 
we have done on your behalf: pass on to your chil- 
dren the courage and resolve to act boldly and 
wisely whenever the future is at risk. We found 
strength from the courage and heroism of those 
who came before us. Pass on to those who depend 
on your decisions now the unshakable confidence 
that collective will and vision are forces too potent 
to fail. You will be challenged, as we were. But I 
know that you will not fail those who come after 
you, as we did not fail you. 

“Take care, because some of the new knowl- 
edge we gained in solving this crisis has led to pow- 
erful new tools that you must use with discretion, 
restraint, and wisdom. 

“The account in the Bible, the Torah, and the 
Koran of Adam and Eve’s temptation to eat fruit 
from the forbidden tree is a warning of the power of 
knowledge to destroy. 

“Seen from the vantage point of space, our 
beautiful planet is the Garden of Eden for all of 
humankind, both living and yet to be born. In our 
time, without realizing it at first, we attained the 
knowledge and the power to destroy it. For us then 
and for you now—once again as in the ancient 
scriptures—the issue is whether we have the wis- 
dom and self-restraint needed to avoid that out- 
come, and whether we would use them. 

“The choice is awesome and potentially eter- 
nal. It is in the hands of the present generation: 

a decision we cannot escape, and a choice to be 
mourned or celebrated through all the generations 
that follow.” 
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AN INCONVENIENT TRUTH IDENTIFIED THE PROBLEM. 
NOW OU CC® OFFERS THE SOLUTION. 


It is now abundantly clear that we have at our fingertips all of the tools we 
need to solve the climate crisis. The only missing ingredient is collective will. 


Properly understood, the climate crisis is an unparalleled opportunity to finally and 
effectively address many persistent causes of suffering and misery that have long been 
neglected, and to transform the prospects of future generations, giving them a chance 

to live healthier, more prosperous lives as they continue their pursuit of happiness. 


Our Choice gathers in one place all of the most effective solutions that are available 
now and that, together, will solve this crisis. It is meant to depoliticize the issue as 
much as possible and inspire readers to take action — not only on an individual basis, 
but as participants in the political processes by which every country, and the world 
as a whole, makes the choice that now confronts us. 


There is an old African proverb that says, 
‘If you want to go quickly, go alone; 
if you want to go far, go together’ 


We have to go far, quickly. 


We can solve the climate crisis. It will be hard, to be sure, but if we can make the 
choice to solve it, | have no doubt whatsoever that we can and will succeed. 
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